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CHAPTER I  
INTRODUCTION
One o f  t h e  f i r s t  l a b o r a t o r y  o b s e r v a t io n s  o f  th e  e f f e c t s  o f  u l t r a ­
v i o l e t  r a d i a t i o n  on  b a c t e r i a  was p u b l is h e d  by  Downes and B lu n t i n  1877. 
S in c e  t h a t  t im e ,  a  trem en d o u s  am ount o f  r e s e a r c h  h a s  b een  p e rfo rm ed  
i n  o r d e r  t o  u n d e r s ta n d  t h e  e f f e c t s  o f  r a d i a t i o n  on m ic ro o rg a n ism s .
D e s p i te  t h e  e x te n s iv e  i n v e s t i g a t i o n s  p e rfo rm e d  d u r in g  th e  p a s t  e ig h ty -  
t h r e e  y e a r s ,  o u r  know ledge o f  t h e  m echanism  o f  a c t i o n  o f  u l t r a v i o l e t  
r a d i a t i o n  i s  n o t  c o m p le te . V a r io u s  a s p e c t s  o f  u l t r a v i o l e t  r a d i a t i o n  
h av e  b e en  re v ie w e d  by  Eahn (1 9 3 0 ) ,  D uggar (1 9 3 6 ) ,  E l l i s  (1 9 4 1 ) , G e ise  
(1945, 19 4 7 , 1 9 5 0 ) , L a t a r j e t  (1 9 4 6 ) , Lea (1 9 4 0 , 1 9 4 7 ) , G rey  (1 9 4 7 ) , 
L oofbourow  (1 9 4 8 ) ,  M i t c h e l l  (1 9 5 1 ) , E r r e r a  (1 9 5 3 ) , K e ln e r  e t  (1 9 5 5 ) , 
Z e l l e  an d  H o l la e n d e r  (1 9 5 5 ) and  d a g g e r  (1 9 5 8 ) .
To o u r  k n o w led g e , no w ork h a s  been  p u b l is h e d  on th e  e f f e c t s  o f  u l t r a ­
v i o l e t  r a d i a t i o n  on  th e  e n t e r i c  p a th o g e n . S h i g e l l a  s o n n e i . As a  m a t te r  
o f  f a c t ,  v e ry  l i t t l e  r e s e a r c h  on  t h e  e f f e c t s  o f  u l t r a v i o l e t  l i g h t  h a s  
b een  p e rfo rm e d  w ith  th e  S h i g e l l a e . S h a rp  (1938) d e te rm in e d  th e  l e a s t  
i n c i d e n t  e n e rg y  (e rg s/m m ^) n e c e s s a r y  to  k i l l  90^  o f  s e v e r a l  common 
p a th o g e n ic  b a c t e r i a .  The f o l lo w in g  o rg a n ism s  w ere  t e s t e d :  E s c h e r ic h ia
c o l i .  S t r e p to c o c c u s  v i r i d a n s , S t r e p to c o c c u s  h e m o y tic u s . S ta p h y lo c o c c u s  
a u r e u s . S ta p h y lo c o c eus a l b u s . S h i g e l l a  p a r a d y s e n t e r i a e .  S e r r a t i a  m ar- 
c e s c e n s .  C o ry n e b a c te r iu m  d i p h t h e r i a  and  B a c i l l u s  a n t h r a c i s . S h i g e l l a  
p a r a d y s e n te r i a e  r e q u i r e d  th e  l e a s t  i n c i d e n t  e n e rg y  (168  ergs/m m ^) f o r  
9 0 ^  k i l l i n g  a c t i o n  w h e reas  B, a n t h r a c i s  r e q u i r e d  th e  m ost (4 5 2  e rg s /m m ^ ), 
L a t a r j e t  (1943 ) com pared  th e  p r im a ry  a c t i o n s  o f  X -ra y s  and  u l t r a v i o l e t
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
on th e  " p a ra d y se n te ry  b a c i l l u s  Y6R". No d i f f e r e n c e  was found in  th e  
s u r v iv a l  o f  th e  b a c t e r i a  when i r r a d i a t e d  w ith  th e  io n iz in g  and th e  non­
io n iz in g  r a d i a t i o n  so u rc e s . The dose which gave a  s u r v iv a l  o f  0̂% was 
225 ergs/m m ^. M ukherji (1952) s tu d ie d  th e  e f f e c t s  o f  u l t r a v i o l e t  
i r r a d i a t i o n  on th e  s t a in in g  p r o p e r t i e s  o f  g ram -n eg a tiv e  b a c t e r i a .  He 
found t h a t  S h ig e l la  d y s e n te r ia e  was re n d e red  gram p o s i t iv e  a f t e r  one to  
two h o u rs  i r r a d i a t i o n .
Any in fo rm a tio n  co n ce rn in g  th e  e f f e c t s  o f  u l t r a v i o l e t  i r r a d i a t i o n  
on S h ig e l la  so n n e i sh o u ld  be o f  i n t e r e s t  i n  view o f  th e  meager knowledge 
a v a i la b le  c o n ce rn in g  th e  e f f e c t  o f  t h i s  p h y s ic a l  ag en t on t h i s  o rgan ism .
In  o rd e r  to  be u s e f u l ,  a s tu d y  o f  t h i s  ty p e  shou ld  encompass more th a n  
j u s t  th e  " k i l l i n g "  e f f e c t  o f  u l t r a v i o l e t  l i g h t  on S. so n n e i. Some o th e r  
a s p e c ts  o f  th e  e f f e c t s  o f  u l t r a v i o l e t  l i g h t  were a ls o  in c lu d e d  in  th e  
p r e s e n t  s tu d y , nam ely, s tu d ie s  on chem ical p r o te c t io n  and r e a c t iv a t io n .  
A ttem pts w ere a ls o  made to  i s o l a t e  a  m utant w hich was more r e s i s t a n t  to  
u l t r a v i o l e t  r a d i a t i o n  th a n  th e  p a re n t  s t r a i n .
The mechanism o f  u l t r a v i o l e t  i n a c t i v a t i o n  o f  c e l l s  i s  no t c le a r  and 
even c o n tr o v e r s ia l  a t  t h i s  t im e . H en ri (1914) p o s tu la te d  t h a t  th e  ab so rp ­
t i o n  o f  u l t r a v i o l e t  l i g h t  by th e  n u c le u s  was a p rim ary  cause o f  in a c t iv a ­
t i o n .  He p o s tu la te d  and l a t e r  showed t h a t  s u b le th a l  d oses o f u l t r a v i o l e t  
l i g h t  in d u ce d  m u ta tio n s . C row ther (1924 , 1926) a p p lie d  th e  t a r g e t  th e o ry  
i n  e x p la in in g  i n h i b i t i o n  o f  m i to s is  i n  t i s s u e  c u l tu r e  c e l l s  o bserved  by 
S trangew ays and O akley  (1 9 2 3 ). G ate (1928) a s s o c ia te d  a d so rp tio n  o f  
u l t r a v i o l e t  l i g h t  by  d e o x y rib o n u c le ic  a c id  (DNA) d e r iv a t iv e s  w ith  th e  
i n a c t i v a t i o n  o f  m icroogan ism s. He term ed  t h i s  phenomenon th e  " a c t io n  
spectrum " o r  r e l a t i v e  e f f e c t iv e n e s s  o f  d i f f e r e n t  wave le n g th s  o f  mono-
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ch ro m atic  u l t r a v i o l e t  l i g h t .  I n  e s se n c e , th e  a c t io n  spectrum  tec h n iq u e  
co n ce rn s  th e  s tu d y  o f  th e  r e l a t i v e  e f f e c t iv e n e s s  o f  d i f f e r e n t  wave 
le n g th s  which p a r a l l e l  th e  a b s o rp t io n  spectrum  o f  th e  b io lo g ic a l ly  
im p o rta n t m o lecu le s  and hence f u r n is h e s  ev idence  concern ing  th e  c e l l u l a r  
components a f f e c te d .
Loofbourow (1948) e n la rg e d  upon th e  a c t io n  spectrum  co n cep t. The 
t h e o r e t i c a l  b a s is  u n d e r ly in g  th e  a c tio n -s p e c tru m  te c h n iq u e  showed th e  
fo llo w in g  assum ptions to  be in h e re n t :
1 . The b io lo g ic a l  e f f e c t  observed  i s ,  on th e  a v e rag e , a t t r i b u t a b l e  
to  p h o to ch em ica l changes in  a g iv e n  number o f  m o lecu les  o f  an e s s e n t i a l  
su b s ta n c e .
2 . The quantum e f f i c ie n c y  o f  th e  p h o tochem ica l p ro c e ss  i s  independen t 
o f  wave le n g th  w ith in  th e  re g io n  s tu d ie d ,
3 . The a t t e n u a t io n  o f  th e  i n t e n s i t y  o f  r a d ia t io n  b e fo re  re a c h in g  
th e  s e n s i t iv e  su b s ta n c e  i s  e i t h e r  in d ep en d en t o f wave le n g th s  o r  so sm all 
i n  m agnitude as t o  be ig n o re d .
4 . The r e l a t i v e  a b s o rp t io n  o f  su sp e c te d  s e n s i t iv e  su b s ta n c e s  in  
th e  c e l l  a s  a fu n c t io n  o f  wave le n g th  e i t h e r  can be e s tim a te d  w ith  
s u f f i c i e n t  a c c u ra c y  o r  can be assum ed to  be e q u iv a le n t  to  th e  r e l a t i v e  
e x t in c t io n  c o e f f i c i e n t s ^  o f  th e  su sp e c te d  s u b s ta n c e s ,
p
5 . The r e c i p r o c i ty  law  i s  v a l id  f o r  th e  tim e  o f  i r r a d i a t i o n  in
1 . B e e r 's  law  o f  e x t in c t io n  c o e f f i c i e n t ,o C  j i s  d e f in e d  by th e  
fo llo w in g  e q u a tio n , i n  w hich (m) i s  th e  c o n c e n tra t io n  o f  th e  a b so rb e n t i n  
m o le s / l ,  ( l )  i s  th e  le n g th  o f th e  l i g h t  p a th  i n  c e n t im e te r s ,  and ( I o ) ( l t r )  
a re  th e  i n t e n s i t i e s ,  r e s p e c t iv e ly  o f  th e  in c id e n t  and t r a n s m i t te d  l i g h t :
I t i ^  -  l o  ^
2 , Bunsen-Ros c ie  r e c i p r o c i t y  law  s t a t e s  t h a t  th e  e f f e c t  o f  exposure  
to  r a d i a t i o n  i s  a fu n c t io n  o f  th e  t o t a l  en e rg y  and i s  in d ep en d en t o f  
i n t e n s i t y  and t im e .
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
t h e  e^tperim ent. Z e l le  and H o lla e n d e r (1955) s t a t e  t h a t  th e  r e c ip r o c i ty  
law  h o ld s  fo r  th e  i n a c t i v a t i o n  o f  b a c t e r i a  by u l t r a v i o l e t  r a d ia t io n ,  i f  
a l l  o th e r  f a c to r s  a re  h e ld  c o n s ta n t ,
Hahn (1930) and Lea (1947) su g g e s te d  t h a t  th e  i n a c t iv a t io n  o f 
b a c t e r i a  by bo th  io n iz in g  and u l t r a v i o l e t  r a d ia t io n  was due to  th e  
p ro d u c tio n  o f  l e t h a l  m u ta tio n s . O b se rv a tio n s  which su p p o rt t h i s  th e o ry  
a re  rev iew ed  by Z e l le  (1 9 5 5 ). The e x p o n e n tia l  k i l l i n g  curve in d ic a te d  
t h a t  u n i t a r y  a c t io n  o r  s in g le  ev en t p roduced th e  e f f e c t .  Independence o f  
i n t e n s i t y  and in c r e a s in g  dose r e q u ire d  f o r  i n a c t iv a t io n  w ith  in c re a s in g  
i o n iz a t io n  d e n s i ty ,  i n d ic a te  th e  u n i t  ev en t t o  be a s in g le  io n iz a t io n .
The l e t h a l  e f f e c t  a p p e a rs , a s Eahn p o in te d  o u t ,  most l o g i c a l l y  to  be 
a  ch em ica l change in  a  gene , because  a change i n  a s in g le  gene co u ld  be 
l e t h a l  to  th e  c e l l .  T here a r e  numerous o b se rv a tio n s  and e x ce p tio n s  which 
Z e l le  p o in ts  ou t i n  h i s  rev iew , Z e l le  s t a t e s  t h a t  a number o f  mechanisms 
p ro d u c in g  a number o f  d i f f e r e n t  l e t h a l  e f f e c t s  w i l l  be found which may 
v a ry  i n  r e l a t i v e  im p o rtan ce  i n  d i f f e r e n t  b a c t e r i a l  s t r a i n s ,  e s p e c ia l ly  
w ith  re g a rd  to  u l t r a v i o l e t  i r r a d i a t i o n .
Heinm ets e t  a2 . (1954 , 1955) p r e s e n t  a c o n tra ry  p o in t  o f v iew .
They p o in t  o u t t h a t  such a  view  ( s in g le  t a r g e t  th e o ry )  om its co m p le te ly  
th e  g e n e ra l  b io lo g ic a l  e f f e c t s  upon th e  c e l l  and c o n s id e rs  th e  c e l l  to  
be e s s e n t i a l l y  a  p a r t i c l e  which may su rv iv e  o r  d i e .  They su g g est and 
p r e s e n t  e x p e rim e n ta l d a ta  to  show t h a t  u l t r a v i o l e t  r a d ia t io n s  p roduce  
in ju r y  a t  many s i t e s  w ith in  th e  c e l l  and t h a t  m easu rab le  changes o ccu r 
i n  c e l l u l a r  m etabo lism  and s y n th e s is .  Most o f  t h e i r  work d e a l t  w ith  th e  
t r i c a r b o x y l i c  a c id  c y c le  and r e l a t e d  p ro c e s s e s .  O ginsky _et a l . (1959) 
u s in g  lo n g -w av e len g th  u l t r a v i o l e t  r a d i a t i o n  (350 to  400 mu) on E. c o l i
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and S , a u re u s  s t r a i n s  o b se rv ed  s u r v iv a l  cu rv es  w hich su g g ested  a p ro ce ss  
in v o lv in g  m u lt ip le  e v e n ts .
O th e r w orkers have p o s tu la te d  t h a t  th e  fo rm a tio n  o f  to x ic  p ro d u c ts  
such  as ozone, p e ro x id e s  and o th e r  compounds a re  re s p o n s ib le  f o r  th e  
e f f e c t s  o f  u l t r a v i o l e t  l i g h t ,  Loofbourow (1943) found t h a t  th e  d o ses  
r e q u ir e d  to  produce  an a p p re c ia b le  deg ree  o f  t o x i c i t y  were f a r  beyond 
th o se  u t i l i z e d  in  th e  b a c t e r i c i d a l  t e s t s  by  d i r e c t  i r r a d i a t i o n  o f  th e  
o rgan ism . This to x ic  f a c t o r  was s i g n i f i c a n t  in  e a r ly  experim en ts when 
o rgan ism s were i r r a d i a t e d  on complex m edia and was c o n s id e ra b ly  reduced  
when c e l l s  were i r r a d i a t e d  i n  a  su sp en s io n  medium o f  b u f f e r  o r  s a l in e .
Wyss _et ( 1943) f a i l e d  to  d em o n stra te  an  in c re a s e  i n  m u ta tio n  r a t e  
by d i r e c t  t re a tm e n t o f  b a c t e r i a  w ith  hydrogen p e ro x id e , a lth o u g h  p o s i t iv e  
r e s u l t s  were o b ta in e d  by Wagner ^  _al, (1950) w orking w ith  N eurospora . 
H o lla e n d e r and Z e lle  (1955) found t h a t  th e  m u ta tio n  r a t e  was in c re a s e d  
when c e l l s  were grown in  u l t r a v i o l e t - i r r a d i a t e d  o r  hydrogen p e ro x id e -  
t r e a t e d  s u b s t r a t e s .  They in d ic a te d  th a t  i t  was d i f f i c u l t  t o  a s se s s  
p ro p e r ly  th e  s ig n i f ic a n c e  o f  th e s e  r e s u l t s  a s th e y  r e l a t e  to  th e  in d u c tio n  
o f  m utagenic  e f f e c t s  by d i r e c t  i r r a d i a t i o n  o f  th e  c e l l s  w ith  u l t r a v i o l e t .  
The wave le n g th s  e f f e c t i v e  i n  p ro d u c in g  m utagenic  compounds i n  i r r a d i a t e d  
s u b s t r a t e s  l i e  m a in ly  below 2 ,000  % and a re  n o t p re s e n t  i n  th e  spectrum  
o f  th e  w id e ly  u sed  g e rm ic id a l  lam ps w ith  g la s s  enve lopes o r  i n  mono­
ch ro m atic  beams o f  u l t r a v i o l e t  r a d i a t i o n  o f  th e  wave le n g th s  most 
e f f i c i e n t  i n  p ro d u c in g  m u ta tio n s  by d i r e c t  i r r a d i a t i o n .
The l i t e r a t u r e  se a rc h  o f  chem ical su b s ta n c e s  used  in  chem ical p ro ­
t e c t i o n  a n  chem ical r e a c t i v a t i o n  s tu d ie s  in d ic a te d  t h a t  a v a r i e t y  o f  
compounds were a c t iv e  and many w ere n o t hom ologous a g e n ts .
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
L e if  and H ebert ( I 96O) used  two u l t r a v i o l e t  ab so rb in g  compounds^ 
u ro c a n ic  a c id  and d i p l i c o l i n i c  a c id ,  and found t h a t  th e y  could  p r o te c t  
S e r r a t i a  m arcescens and B. g lo b ig i i  a g a in s t  u l t r a v i o l e t  r a d ia t io n .
They found g r e a t e r  p r o te c t io n  when th e  organism  was exposed i n  a  l iq u id  
medium th a n  i n  an a e r o s o l ,
F u ld , P r o c te r  and G o ld b lith  (1958) found t h a t  sodium a sc o rb a te  
p r o te c te d  in  th e  o rd e r  o f  9 9 .9 ^  o v e r c o n tro ls  in  C lo s tr id iu m  and B a c illu s  
s p o re s . However, th e r e  was no p r o te c t io n  o f  B. s te a ro th e rm o p h ilu s  sp o re s  
w ith  t h i s  compound. They su g g e s te d  th a t  th e  p r o te c t io n  was due to  th e  
a b i l i t y  o f  sodium a s c o rb a te  to  ab so rb  l i g h t  a t  2550
Schoenborn (1956) t e s t e d  many compounds f o r  t h e i r  a b i l i t y  to  p r o te c t  
A s ta s ia  lo n g a  a g a in s t  u l t r a v i o l e t  i r r a d i a t i o n .  Sodium p y ru v a te , g lu ta ­
th io n e ,  p o tass iu m  c y a n id e , aez itro se , su c ro s e , 3 n u c le ic  a c id  d e r iv a t iv e s ,  
11 B -v ita m in 5 and 22 amino a c id s  were t e s t e d  f o r  t h e i r  a b i l i t y  to  p r o te c t  
a g a in s t  u l t r a v i o l e t  l i g h t .  Compounds which p r o te c te d  (when added to  th e  
c e l l  su sp en s io n s  j u s t  p r i o r  to  i r r a d i a t i o n )  were: c y s te in e ,  p h e n y la l­
a n in e ,  try p to p h a n e , t y r o s in e ,  a d e n in e , c y t id y l ic  a c id ,  u r a c i l  and sodium 
p y ru v a te .  None o f  th e s e  compounds p ro te c te d  when added a f t e r  i r r a d i a ­
t i o n ,  Except f o r  p h e n y la la n in e , s o lu t io n s  o f  th e s e  compounds a ls o  
p r o te c te d  when u se d  as f i l t e r s  betw een th e  u l t r a v i o l e t  sou rce  and th e  
c e l l  su s p e n s io n s . C y s te in e  f a i l e d  to  p r o t e c t  when added ju s t  b e fo re  
i r r a d i a t i o n ,  but caused  good p r o te c t io n  when i r r a d i a t e d  c e l l s  were 
grown in  i t s  p re s e n c e ,
W ittingham  and S ta u f f e r  (1956) found t h a t  P é n ic i l l iu m  chrysogenum 
sp o re s  co u ld  be p r o te c te d  a g a in s t  th e  l e t h a l  e f f e c t s  o f u l t r a v i o l e t  
l i g h t  by sodium a z id e ,  sodium c y a n id e , sodium  f l u o r i d e ,  sodium n i t r a t e .
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sodium  t h i o s u l f a t e  and a tm o sp h e ric  n i t r o g e n .  They p o s tu la te d  t h a t  th e  
p r o t e c t io n  was due to  oxygen d e p le t io n  a t  c r i t i c a l  s i t e s  in  th e  c e l l ,  
o r  to  a r e p r e s s io n  o f  fo rm a tio n  o f  o rg a n ic  p e ro x id e s .
W ainw right and N e v i l l  (1955) p r o te c te d  S trep tom yces T 12 sp o re s  
a g a in s t  l o s s  o f p h o to r e a c t iv a t io n  by t r e a t i n g  sp o re s  w ith  io d o a c e ta te  
f o r  p e r io d s  o f up to  6 .5  h o u rs  b e fo re  p h o to r e a c t iv a t io n ,
Thompson e t  aJL. (1951) were a b le  to  p r o te c t  B a c i l lu s  a n th r a c i s ,  
E s c h e r ic h ia  c o l i  and M icrococcus au reu s  from  th e  m utagen ic  and l e t h a l  
e f f e c t s  o f  X -ra y , u l t r a v i o l e t  l i g h t  and hydrogen p e ro x id e  w ith  0 .5 ^  
sodium p y ru v a te .
S e v e ra l  in v e s t i g a to r s  have found in c re a s e d  s e n s i t i v i t y  to  u l t r a ­
v i o l e t  i r r a d i a t i o n  in  th e  p re se n c e  o f  c e r t a in  compounds. O ginsky e t  a l . 
(1959) found t h a t  th e r e  was a l e t h a l  a c t io n  on lo n g  u l t r a v i o l e t  l i g h t  
on S tap h y lo co ccu s  au reu s  and E s c h e r ic h ia  c o l i  in  th e  p re sen c e  o f 
8 -m eth o x y p so ra len , B erger e t  (1952) showed t h a t  sodium a z id e  could 
reduce  th e  s e n s i t i v i t y  o f  Chrom obacterium  v ila ce u m , ATCC s t r a i n  7461, 
E s c h e r ic h ia  c o l i  and M icrococcus au reu s  to  u l t r a v i o l e t  r a d ia t io n .  The 
d e g re e  o f  p h o to r e a c t iv a t io n  was a ls o  reduced  by th e  compound.
H einm ets _et (1953? 1954? 1955) have done some v e ry  c a r e f u l  and 
s i g n i f i c a n t  work on th e  chem ical r e a c t iv a t io n  o f  u l t r a v i o l e t  in a c t iv a te d  
E s c h e r ic h ia  c o l i . U l t r a v i o le t  i r r a d i a t e d  E, c o l i  ( S / r )  was in c u b a te d  
i n  b u f f e r  w ith  v a ry in g  c o n c e n tra t io n s  o f  m e ta b o li te s  and c o fa c to rs  o f 
t h e  t r i c a r b o x y l i c  a c id  c y c le . They observed  in te n s iv e  r e s to r a t io n  o f  
c e l l  v i a b i l i t y  i n  th e  p re se n c e  o f  c e r t a i n  m e ta b o l i te s .  In  a n o th e r  
p a p e r  th e y  found a la n in e  (among th e  amino a c id s )  and s e v e r a l  red u c in g  
a g e n ts  to  a ls o  be e f f e c t i v e .  They su g g e s te d  t h a t  s u p p re s s io n  o f th e
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t r i c a r b o x y l i c  a c id  c y c le  may be a  s ig n i f i c a n t  cause o f  u l t r a v i o l e t  
i n a c t i v a t i o n  o f m ic ro o rg an ism s.
Ogg, A d le r and Z e l le  (1956) found t h a t  th e  a d d i t io n  o f  hemin, a 
cytochrom e system , and c a ta la s e  to  c e r t a i n  s t r a in s  o f E. c o l i  in c re a s e d  
th e  s u r v iv a l  r a t e  fo llo w in g  exposure  to  u l t r a v i o l e t  l i g h t .  E l l i s o n  e t  a l .
( 1954) found t h a t  sodium a c e ta te  re v e rse d  th e  e f f e c t  o f u l t r a v i o l e t  
l i g h t ;  t h e  d eg ree  o f  p r o te c t io n  on E. c o l i  was d i r e c t l y  p ro p o r t io n a l  to  
th e  a c e ta te  c o n c e n tr a t io n ,  up to  25 mg p e r  m l.
When b a c t e r i a  a re  exposed to  r a d ia t io n  i n  e i t h e r  th e  h ig h  energy
o r  th e  u l t r a v i o l e t  ran g e  th e  most p rom inen t e f f e c t  i s  th e  apparen t
k i l l i n g  o f  a  p e rc e n ta g e  o f th e  c e l l s ,  th e  f r a c t io n  k i l l e d  being  a
fu n c t io n  o f  th e  ab so rb ed  e n e rg y . The u s u a l  c r i t e r i o n  f o r  s u r v iv a l  i s
th e  a b i l i t y  o f  th e  b a c t e r i a  to  form  a co lony  v i s i b l e  to  th e  eye when 
in c u b a te d  fo llo w in g  p l a t i n g  on o rd in a ry  c u l tu r e  m edia. There a re  many 
v a r ia b le  f a c to r s  which w i l l  in f lu e n c e  th e  " k i l l i n g  e f f e c t "  o f  u l t r a ­
v i o l e t  l i g h t  on b a c t e r i a .
R o b e rts  and A ldous (1949) showed a change i n  th e  ty p e  o f  s u rv iv a l  
cu rve  (s ig m o id a l o r  e x p o n e n tia l  i n a c t iv a t io n  cu rve) by p la t in g  E. c o l i  
on a  s y n th e t ic  medium in s te a d  o f a  com plete medium. Harm and S te in  
(1952) showed a change by in c u b a tin g  th e  p l a t e s  a t  45 G a f t e r  i r r a d i a ­
t i o n .  W eatherwax (1956) o b ta in e d  a change from  an  e x p o n e n tia l  to  a 
s ig m o id a l ty p e  o f  i n a c t i v a t i o n  cu rve  by p l a t i n g  E. c o l i  ( s t r a i n  B) a t  
pH 5 .0  in s te a d  o f  a t  pH 8 ,0 .
The e f f e c t s  o f  th e s e  v a r i a b le  f a c to r s  such as te m p e ra tu re , pH o f  
su sp en d in g  medium, s ta g e  o f  g row th , m o is tu re  c o n te n t ,  enzym atic c o n s t i ­
t u t i o n ,  g e n e t ic  c o n s t i t u t io n ,  p o s t - i r r a d i a t i o n  t r e a tm e n t ,  e t c ,  have
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been  rev iew ed  by Z e l le  and H o lla e n d e r (1 9 5 5 ),
R o b e rts  and A ldous (1949) made c a r e f u l  s tu d ie s  b e fo re  and a f t e r  
u l t r a v i o l e t  i r r a d i a t i o n  o f  v a r io u s  ex p e rim e n ta l c o n d itio n s  which 
a f f e c t e d  th e  s u r v iv a l  o f  E. c o l i  ( s t r a i n  B ). The shapes and s lo p e s  o f 
th e  s u r v iv a l  cu rv es  w ere m arkedly  in f lu e n c e d  by d i f f e r e n t  c o n d it io n s .
Z e l le  and H o lla e n d e r  (1955) concluded  t h a t  e x p o n e n tia l  o r  s ig m o id a l 
cu rv e s  may be o b ta in e d  fo llo w in g  u l t r a v i o l e t  r a d i a t i o n ,  depending on 
th e  s t r a i n  o f  b a c t e r i a  and th e  te c h n iq u e  o f  i r r a d i a t i o n  in c lu d in g  
p r e c a u t io n s  a g a in s t  clum ping i n  th e  p r e p a ra t io n  o f  th e  b a c te r ia  to  be 
i r r a d i a t e d .
T h e re fo re , i t  a p p e a rs  to  be im p e ra tiv e  f o r  th e  i n v e s t i g a to r  to  
s t a t e  i n  ev e ry  d e t a i l  th e  c o n d it io n s  under which an experim ent i s  
c a r r i e d  o u t .
In  o rd e r  to  a n a ly ze  th e  i s s u e  o f  c e l l u l a r  r e a c t iv a t io n ,  i t  i s  
d e s i r a b le  to  d is c u s s  b r i e f l y  th e  mode o f  b io lo g ic a l  a c t io n  o f  u l t r a ­
v i o l e t  i r r a d i a t i o n .  Heinm ets and Lehman (1955) l i s t e d  some f a c to r s  
t h a t  i n t e r f e r e  w ith  o r  e x c e s s iv e ly  m odify m o le c u la r  o rg a n iz a t io n  and 
r e a c t io n s  t h a t  can be c o n s id e re d  i n  th e  b io lo g ic a l  sense  as in ju r io u s  
to  o r  d e s t r u c t iv e  to  th e  c e l l .  Some o f  th e  fo llo w in g  changes may ta k e  
p la c e :
( a )  i n a c t i v a t i o n  and a l t e r a t i o n  o f enzymes
(b )  m o d if ic a t io n  o f  o rg a n iz e r s  f o r  s y n th e t ic  p ro c e sse s
( c )  a l t e r a t i o n  and d eco m p o sitio n  o f  m e ta b o l i te s ,  in te rm e d ia te s  
o r  c o fa c to r s
(d )  l o s s  o r  m o d if ic a t io n  o f  g e n e t ic  e lem en ts
The m o le c u la r  a l t e r a t i o n  p roduced  w i th in  a  c e l l  may be r e v e r s ib le  o r 
i r r e v e r s i b l e .  U l t r a v i o le t  i r r a d i a t i o n  p ro d u ces bo th  r e v e r s ib le  and 
i r r e v e r s i b l e  ty p e s  o f  r e a c t io n s  i n  a c e l l  (H einm ets ejt a l .  1 9 5 5 ). W ith
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s l i g h t  i n ju r y ,  t h e r e  may be a  p ro lo n g ed  la g  p h a se , bu t a f t e r  t h a t ,  m u ltip ­
l i c a t i o n  may p ro ceed  n o rm ally . Under c o n d it io n s  of g r e a t e r  in ju r y ,  
p h y s io lo g ic a l  d is o r g a n iz a t io n  may be r a t h e r  e x te n s iv e , ard  th e  c e l l  
canno t i n i t i a t e  s y n th e t ic  and m e ta b o lic  p ro c e s s e s .
The p r in c ip le  o f  chem ical r e a c t i v a t i o n  i s  to  add th e  n e c e ssa ry  
m e ta b o l i te s  i n  p ro p e r  c o n c e n tra t io n s  to  th e  norm al c u l tu r e  medium. Then 
th e  c e l l  i s  c a p a b le  o f  pe rfo rm in g  s y n th e t ic  p ro c e ss e s  a g a in  and v i a b i l i t y  
i s  r e s to r e d .  O th e r e x p e rim e n ta l ev idence  in  th e  l i t e r a t u r e  su p p o rtin g  
t h i s  view  i s  t h a t  o f Peacock and Hinshelwood (1 9 4 8 ), E l l i s o n  e t  a l .
( 1955) and E r re r a  (1 9 5 3 ).
The l a s t  phase  o f th e  p re s e n t  re s e a rc h  in v o lv e d  an a ttem p t to  
i s o l a t e  3 m utant w hich was more r e s i s t a n t  to  u l t r a v i o l e t  i r r a d i a t i o n  th a n  
th e  p a re n t  s t r a i n .  A rev iew  o f th e  l i t e r a t u r e  f o r  acco u n ts  o f  t h i s  ty p e  
o f  m utan t showed t h a t  t h e i r  o c cu rren c e  o r  th e  p u b l ic a t io n s  reg a rd in g  
t h e i r  o c cu rren c e  was q u i te  r a r e .  W itk in  (1947) i s o l a t e d  a  r a d ia t io n -  
r e s i s t a n t  m utant ( s / r )  from  E. c o l l ,  s t r a i n  B. The c u l tu r e s  d e riv e d  
from  t h i s  m utant were c h a r a c te r iz e d  by c o n s id e ra b ly  g r e a te r  r e s i s ta n c e  
t o  u l t r a v i o l e t  l i g h t  th a n  th e  c o rre sp o n d in g  c o n tro l  c u l tu r e s .  The 
r e s i s t a n t  B /r  s t r a i n  was c a r r ie d  th ro u g h o u t $0 su c c e ss iv e  s u b c u ltu re s  
i n  b r o th ,  and f o r  a  p e r io d  o f  two y e a rs  on a g a r .  D uring t h i s  tim e  no 
change was o b se rv ed  i n  s e n s i t i v i t y  o f  t h i s  s t r a i n  to  u l t r a v i o l e t  l i g h t .  
D if fe re n c e s  were n o te d  in  grow th r a t e s  betw een th e  two s t r a in s  in  th e  
la g  p h a se . The g e n e ra t io n  tim e  was th e  same f o r  bo th  s t r a i n s .  S t r a in  
B /r  had in c re a s e d  in  r e s i s t a n c e  to  p e n i c i l l i n  and sodium s u l f a th i a z o l e ,  
Morse and C a r te r  (1949) and Morse ( I 95O) showed th a t  E. c o l i  B /r 
c o n ta in e d  3 -4  tim e s  more DNA p e r  c e l l  th a n  o th e r  E. c o l i  s t r a i n s .  T his
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o b s e rv a t io n  p ro b a b ly  e x p la in s  th e  r e s i s ta n c e  o f  t h i s  s t r a i n  to  u l t r a ­
v i o l e t  r a d i a t i o n .
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CHAPTER I I  
STATEMENT OF THE PROBLEM
A lthough th e  e f f e c t s  o f u l t r a v i o l e t  i r r a d i a t i o n  on many organism s 
have been e x te n s iv e ly  s tu d ie d ,  v e ry  l i t t l e  i s  known re g a rd in g  th e  
e f f e c t  o f  t h i s  n o n io n iz in g  r a d ia t io n  on S h ig e l la  so n n e i.
T h is  i n v e s t i g a t io n  i s  a s tu d y  o f some o f  th e  fundam enta l e f f e c t s  
o f  u l t r a v i o l e t  i r r a d i a t i o n  on S , so n n e i a s  w e ll  a s  th e  p r o te c t io n  and 
r e a c t i v a t i o n  o f  u l t r a v i o l e t  i r r a d i a t e d  S , so n n e i w ith  v a rio u s  chem ical 
compounds.
12
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CHAPTER I I I  
METHODS AND MATERIALS
I .  G e n e ra l Methods and M a te r ia ls
(1 )  S t r a in s  o f S h ig e l la  so n n e i employed
Four s t r a i n s  o f  S . so n n e i were used  th ro u g h o u t th e  cou rse  o f  t h i s  
i n v e s t i g a t io n .  The m ajo r s t r a i n  used  (CDC-5044-59) was o b ta in e d  from 
D r. W. H, Ewing, Communicable D isease  C en te r, A t la n ta ,  G eo rg ia , One 
s t r a i n  was re c e iv e d  from  D r. H. M, Gezon, U n iv e rs i ty  o f  P i t ts b u rg h  
Schoo l o f  M edicine, P i t t s b u r g h ,  P e n n sy lv a n ia , which was i s o la te d  in  
A p r il  o f  i 960 from  a p a t i e n t  named Leigh H a l l iw e l l .  S t r a in  # 21879-60 
was re c e iv e d  from  D r. G. G. C o ff in , U n iv e rs i ty  o f  M aryland School o f  
M ed ic ine , B a ltim o re , M aryland. A fo u r th  s t r a i n ,  "F o m a l S t r a in " ,  was 
o b ta in e d  from  D r. A rth u r  Abrams, W alte r Reed Army I n s t i t u t e  o f R esearch , 
W ashington , D. C. T h is s t r a i n  was a t r a n s p la n t  o f  s t r a i n  # 1 3 -3 , a 
form  I  s t r a i n  w hich was i s o l a t e d  o v e rse a s  i n  1943 and se n t to  th e  
W a lte r  Reed Army H o s p ita l  f o r  s e r o lo g ic a l  i d e n t i f i c a t i o n ,
( 2 ) C u ltu re  m edia and m ethods employed
Two d i f f e r e n t  c u l tu r e  m edia were used  i n  t h i s  s tu d y . The s y n th e t ic  
medium o f E rlan d so n  and Mackey (1957) (See T able I )  was used  to  grow 
c e l l s  f o r  ex p erim en ts  and to  m a in ta in  s to c k  c u l tu r e s .  T h is  medium was 
a ls o  em ployed in  c e r t a in  p h a ses  o f  t h i s  i n v e s t ig a t io n  to  q u a n t i t a te  
b a c t e r i a l  g row th .
A f te r  i r r a d i a t i o n  o f  th e  b a c t e r i a l  su sp e n s io n s , th e  number o f 
s u rv iv in g  organ ism s was d e te rm in ed  by s e r i a l  d i l u t i o n  in  m/ 15 p h o sp h a te  
b u f f e r  (pH 7 « 0 ) , fo llo w ed  by " h o c k e y -s t ic k "  p la t in g  0 .1  ml o f  d i l u t i o n
13
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TABLE I
COMPOSITION OF ERLANDSON AND MACKEY SYNTHETIC 
MEDIUM FOR THE CULTIVATION OF SHIGELLA SONNEI
D i s t i l l e d  w a te r
(R eagent Grade)
(R eagent G rade)
(R eagent G rade)
(R eagent G rade)
( N u t r i t i o n a l  B iochem ical C o rp .) 
N ia c in  (M erk, U. S . P . )
A s p a r tic  Acid ( N u t r i t io n a l  B iochem ical C o rp .) 
G lucose  (R eagent Grade)
KHjPO^
KgHPO^
Nad
MgS0^*7 HgO
Thiam in HCl
1000 ml 
9 .118  gm 
11 .6?  gm
8 .5  gm 
0 .5  gm 
0 .3  gm 
0 .0 1  gm
2 .5  gm 
1 0 .0  gm
pH a d ju s te d  to  7 .0  w ith  c o n c e n tra te d  NaOH (50%) o r  c o n c e n tra te d  HgPO^.
The medium was d isp e n se d  in to  t e s t  tu b e s  ( i g  by 15 cm) in  1 0 .0  ml amount-s 
p e r  tu b e .  The tu b e s  were capped w ith  M orton s t a i n l e s s  s t e e l  caps and 
a u to c la v e d  a t  15 pounds p re s s u re  f o r  10-15 m in u te s .
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sanç)les on n u t r i e n t  a g a r  p l a t e s  (1,5% a g a r ) ,
(3 ) C e ll  p re p a ra t io n s
A 24 -h o u r c u l tu r e  o f  _S. so n n e i (GDC-5044-59) grown in  th e  s y n th e t ic  
medium was washed th r e e  tim e s  w ith  p hospha te  b u f f e r  (pH 7 .0 ) ,  The 
washed c e l l s  w ere resu sp en d ed  i n  th e  b u f f e r  and a d ju s te d  to  an o p t ic a l  
d e n s i ty  o f  0 , l 6  a t  a w aveleng th  s e t t i n g  o f  575 mu (Bausch and Lomb 
“S p e c tro n ic  20" c o lo r im e te r ) ,  r e s u l t i n g  in  a  su sp en s io n  c o n ta in in g  about
g
1 ,0  X 10 c o lo n y -fo rm in g  organism s p e r  m l. One ml o f  t h i s  b u f fe r  c e l l  
su sp en s io n  was u sed  to  in o c u la te  t e n  ml o f  c u l tu r e  medium. I t  was 
e x p e r im e n ta lly  found t h a t  th e  m iddle  o f  th e  lo g a r i th m ic  growth s ta g e  
was a t t a i n e d  a f t e r  20-22 hour o ld  c u l tu r e s  were u sed  in  th e  m a jo r i ty  o f  
ex p erim en ts  conducted .
C e ll  su sp e n s io n s  f o r  chem ical p r o t e c t io n  and chem ical r e a c t iv a t io n  
s tu d ie s  w ere p re p a re d  in  th e  fo llo w in g  way: th e  organism s were grown
i n  th e  l i q u i d  s y n th e t ic  medium, h a rv e s te d  a f t e r  20 h o u rs , and washed 
3 tim e s  by  c e n t r i f u g a t io n  w ith  M/15 p h o sp h a te  b u f f e r  (pH 7 .0 ) .  C e lls  
w ere resu sp en d ed  in  th e  b u f f e r  to  p roduce an o p t i c a l  d e n s i ty  o f  0 . l6  
(70^  T ra n s m itta n c e ) , F iv e  ml o f  t h i s  b a c t e r i a l  su sp en s io n  was p la c e d  
i n  s p e c ia l  f l a t  bottom  p y re x  p e t r i  d is h e s  ( a n t i b i o t i c  a ssa y  p e t r i  
d i s h e s ) .  T his sam ple gave an  approx im ate  dep th  o f  0 ,5  mm in  th e s e  p e t r i  
d i s h e s .  I f  a  ch em ica l was to  be u se d , th e  d e s i r e d  c o n c e n tra tio n  o f  th e  
ch em ica l ( i n  bux u r)  was u sed  to  p re p a re  th e  c e l l  su sp e n s io n s ,
(4 ) C oun ting  Method
The s e r i a l  d i l u t i o n  m ethod u s in g  M/15 p h o sp h a te  b u f f e r  a s  d i lu e n t  
was u sed  th ro u g h o u t t h i s  i n v e s t i g a t io n .  P ip e t t e s  w ere used  o n ly  once . 
The e r r o r  i n  v ia b le  c o u n t, which m ight r e s u l t  i f  p i p e t t e s  were u se d  f o r
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more th a n  one d i l u t i o n  m ight be c o n s id e ra b le .
One—te n th  ml o f  th e  d e s i r e d  d i lu t i o n  was p ip e t t e d  on to  th e  s u r fa c e  
o f  n u t r i e n t  a g a r  p l a t e s .  Bent g la s s  rods (3 .7  mm x  l6 0  mm) in  th e  shape 
o f  h o c k e y -s t ic k s  were u sed  t o  sp re ad  th e  a l iq u o t  over th e  e n t i r e  s u r fa c e  
o f  th e  a g a r .  I f  th e  s u r fa c e  o f  th e  a g a r  p l a t e s  was to o  m o is t, th e  
p l a t e s  w ere in v e r te d  and in c u b a te d  a t  37 C f o r  24 h o u rs . The number o f  
c o lo n ie s  was coun ted  (on  th e  Quebec co lony  c o u n te r)  and th e  number o f 
v ia b le  o rgan ism s p e r  ml i n  th e  o r i g in a l  su sp en s io n  was c a lc u la te d .
(5 ) U l t r a v io le t  Source and Dose C a lc u la t io n s
The l i g h t  p ro v id in g  th e  2537 2  r a d ia t io n  was a 15 w a t t .  G eneral 
E l e c t r i c  " g e rm ic id a l"  lam p, model #G 15T8. T h is lamp em its an i n t e n s i t y  
o f  0 .0038  w a t t s / f t ^ ,  (C a lc u la t io n s  o f  i n t e n s i t y  a re  based  on graphs 
and in fo rm a tio n  g iv en  i n  c h a p te r  2 , R a d ia tio n  B io lo g y , v o l .  2: 41-94»
E d ite d  by A. H o lla e n d e r. M cGraw-Hill Book C o ., I n c . ,  New Y ork .)
0 .3 0  u .v .  w a t t s / f t ^  = 300 m i l l i w a t t s / f t ^  
m i l l i w a t t s / f t ^  = 322.9  m icrow atts/cm ^
0/929
300 m i l l i w a t t s / f t  = 322.9  m icrow atts/cm
u .v .  m ic ro w a tts  = e rg s /s e c  
0.1
2 2 
322 .9  m ic ro w atts /cm  -  3229 e rg s /se c /c m  ^
o r  3 2 .3  ergs/sec/m m  
To c a lc u la te  th e  dose ( i n t e n s i t y  x  tim e ) o f  u l t r a v i o l e t  i r r a d i a t i o n  
im posed on a c e l l  su sp en s io n  30 cm from  th e  c e n te r  o f a  G enera l E le c t r i c  
#G I 5TS, g e rm ic id a l  lam p, th e  i n t e n s i t y  f a c t o r ,  3 2 .3  ergs/sec/m m ^ was 
m u l t ip l i e d  by th e  number o f  seconds o f  ex p o su re . T h is  m ethod o f  c a lc u ­
l a t i n g  th e  cum ula tive  dose o f  u l t r a v i o l e t  r a d i a t i o n  was used  th ro u g h o u t
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t h i s  i n v e s t i g a t i o n .
B a c te r ic id a l  lo w -p re s su re  u l t r a v i o l e t  b u lb s  d e p re c ia te  r a p id ly  
d u rin g  th e  f i r s t  100 h o u rs  o f  o p e ra t io n .  In  f ig u r e  1 , th e  approx im ate  
d e p re c ia t io n  o f  lo w -p re s su re  so u rces  i s  shown.
The lamp u sed  in  th e s e  ex p erim en ts  was e s tim a te d  to  have had 
a p p ro x im a te ly  1000 h o u rs  o f  o p e ra t io n  b e fo re  experim en ts were begun. 
However, th e r e  would be a r e l a t i v e l y  sm a ll amount o f  change i n  u l t r a ­
v i o l e t  k i l l i n g  a c t io n  even w ith  e x te n s iv e  d e p re c ia t io n ,  s in c e  th e  u l t r a ­
v i o l e t  k i l l i n g  a c t io n  i s  an e x p o n e n tia l  r a th e r  th a n  l i n e a r  fu n c t io n  o f  
u l t r a v i o l e t  i n t e n s i t y  (B u tto lp h , 1955)»
(6 ) I r r a d i a t i o n  P ro ced u re
The aluminum f o i l - c o v e r e d  p e t r i  d ish e s  were p lac ed  30 cm from th e  
c e n te r  o f  th e  u l t r a v i o l e t  lam p. A tw e n ty  m inute e q u il ib r iu m  p e r io d  
p r i o r  to  i r r a d i a t i o n  was c a r r i e d  o u t to  s t a b i l i z e  th e  e m itte d  r a d ia t io n  
o f  th e  lam p. The p e t r i  d ish e s  w ere c o n tin u o u s ly  a g i t a t e d  w ith  a "home­
made" sh a k e r  (fre q u e n c y  o f  o s c i l l a t i o n ,  84 one in c h - s tro k e s  p e r  m inu te) 
u n le s s  o th e r . , i s e  n o te d . For i r r a d i a t i o n ,  th e  f o i l  and r e g u la r  to p  o f 
th e  p e t r i  d is h e s  were rem oved. I r r a d i a t i o n  and sam pling  were c a r r ie d  
o u t i n  th e  u l t r a v i o l e t  hood w ith  n e a r ly  a l l  v i s i b l e  l i g h t  b locked  o u t .  
A ll p l a t i n g  o p e ra t io n s  were conducted  in  th e  darkened  la b o r a to r y ,  o r  in  
th e  d a rk  w ith  th e  a id  o f  a 15 w a t t ,  115-125 v o l t  "E agle" darkroom  l i g h t  
w ith  a  y e llo w  f i l t e r ,
I I ,  E x p erim e n ta l Methods and M a te r ia ls
(1 )  E f fe c t  o f u l t r a v i o l e t  l i g h t  on S h ig e l la  so n n e i
The CDC-5044-59  s t r a i n  o f  S. so n n e i was used  in  t h i s  s tu d y . 
M a t e r i a l  c e l l  su sp e n s io n s  were p re p a re d  from  14 - and 20-hour c u l t u r e s .
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The c e l l s  were washed and resu sp en d ed  in  0.85% s a l in e  and in  a  phosphate  
b u f f e r .  In  a l l  ex p erim en ts  a l/lO Q  d i lu t i o n  o f  a  c e l l  su sp en s io n  w ith  
an o p t i c a l  d e n s i ty  o f  0 .0132  (97 % T) was u se d . T his su sp en s io n  r e s u l te d  
i n  a p p ro x im a te ly  1 x  10^ to  1 x  10^ c o lo n y -fo m in g  organism s p e r  m l.
F ive  ml o f  t h i s  c e l l  su sp en s io n  was i r r a d i a t e d  i n  s p e c ia l  p e t r i  d ish e s  
accom panied by sh a k in g . Samples (O .l  ml) were removed a t  v a r io u s  tim e  
i n t e r v a l s ,  d i lu t e d  and p la t e d .  C o lon ies v i s i b l e  to  th e  eye, a f t e r  
in c u b a tio n  in  th e  d a rk  a t  37 C f o r  24 h o u rs , were ta k e n  as th e  c r i t e r i o n  
f o r  s u r v iv a l .  C o n tro ls  f o r  t h i s  experim ent c o n s is te d  o f  a grow th c o n tro l  
and a  c o n d it io n  c o n t r o l ,  0 .1  ml o f  th e  u n i r r a d ia t e d  c e l l  su sp en sio n s 
w hich were d i lu t e d  and p la te d  se rv ed  as th e  grow th c o n tro ls .  The 
c o n d it io n  c o n tro ls  c o n s is te d  o f  d i lu t i n g  and p la t in g  0 .1  ml o f  a f iv e  
ml sam ple o f  th e  p re p a re d  c e l l  su sp e n s io n , w hich were su b je c te d  to  a l l  
th e  c o n d it io n s  o f  th e  experim en t ( i . e . ,  sh ak in g , t im e , e t c . )  excep t 
r a d i a t i o n .  The c o n d it io n s  o f  th e  experim ent which m ight p o s s ib ly  
a f f e c t  th e  s u r v iv a l  o f  th e  b a c t e r i a  were: a g i t a t i o n ,  th e  tim e i n t e r v a l
betw een p r e p a r a t io n  o f  th e  c e l l  su sp en s io n s  and th e  f i n a l  d i lu t i o n  and 
p l a t i n g  p ro c e d u re s , te m p e ra tu re  o f  th e  u l t r a v i o l e t  hood, leakage  o f  
u l t r a v i o l e t  l i g h t ,  changes in  pH, and th e  p o s s ib le  e f f e c t s  o f  an  ozone 
a tm osphere  i n  th e  hood,
(2 )  E f fe c t  o f  u l t r a v i o l e t  l i g h t  on v a r io u s  p o p u la tio n s  o f  S. so n n e i 
The e f f e c t  o f  u l t r a v i o l e t  i r r a d i a t i o n  on v a r io u s  p o p u la tio n s  o f 
S , so n n e i (CDC-5044-59 s t r a i n )  was d e te rm in ed  u s in g  th e  same p ro ced u re  
a s  i n  ( l ) .  T h rice  washed c e l l s  w ere resuspended  i n  b u f f e r  and a d ju s te d  
t o  o b ta in  an O.D. ( a t  575 mu) o f  0 .4 6 , 0 .3 0 , 0 .1 9 , 0 .0 9 7 , 0 .022  and 
0 .0132  o r  a  % tr a n s m it ta n c y  o f  35 , 50, 65 , 80 , 95 , and 97, r e s p e c t iv e ly .
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F iv e  ml o f  th e s e  v a r io u s  c e l l  su sp en s io n s  were i r r a d i a t e d  under i d e n t i c a l  
c o n d it io n s*  The % s u rv iv o rs  w ere d e te rm in ed  u s in g  th e  fo llo w in g  form ulas
% s u rv iv o rs  ® M  x  100 
No
Nd-----------------number o f  su rv iv o rs  a f t e r  th e  u .v .
i r r a d i a t i o n  (Dark S u rv iv o rs )
No   number o f v ia b le  c e l l s  b e fo re
i r r a d i a t i o n  (C o n d itio n  C o n tro l)
(3 )  E f f e c t  o f  u l t r a v i o l e t  l i ^ h t  on s a l in e  and phosphate  b u f f e r  and i t s  
sub seq u en t e f f e c t  on S . so n n e i
I t  was n e c e ssa ry  to  d e te rm in e  w hether th e  " k i l l i n g "  e f f e c t  ( lo s s  
o f  co lo n y -fo rm in g  a b i l i t y )  which th e  u l t r a v i o l e t  l i g h t  p roduces i s  due 
t o  th e  d i r e c t  e f f e c t  o f  u l t r a v i o l e t  l i g h t  on S . so n n e i c e l l s  o r  due 
t o  some u l t r a v i o l e t  induced  t o x i c i t y  i n  th e  su spend ing  medium.
T w elve- and 2 0 -h o u r c u l tu r e s  were washed and resuspended  in  s a l in e  
a n d /o r  b u f f e r  to  o b ta in  an o p t i c a l  d e n s i ty  o f  0 ,0 2 ?  and 0 .0 2 2 . The 
grow th c o n tr o ls  were p re p a re d  by adding  1 ml o f  t h i s  su sp en s io n  to  5 ml 
o f  s a l i n e ,  th e n  d i l u t i n g  and p l a t i n g .  The u l t r a v i o l e t  t r e a te d  e x p e ri­
ment c o n s is te d  o f add ing  1 ml o f  th e  c e l l  su sp en s io n  to  5 ml o f  s a l in e  
o r  b u f f e r  which had been i r r a d i a t e d  f o r  f iv e  m in u te s . One ml o f  th e  
2 0 -h o u r su sp e n s io n  was added to  5 ml o f s a l in e  and i r r a d i a t e d  f o r  a 
10-m inu te  p e r io d  i n  o rd e r  to  a d e q u a te ly  a llo w  i n te r a c t io n  o f c e l l s  and 
any p o s s ib le  to x ic  m a te r i a l s .  A c o n d it io n  c o n tr o l  c o n s is te d  o f  1 ml 
o f  th e  c e l l  su sp e n s io n s  added to  th e  u n i r r a d ia t e d  s a l in e  o r  b u f f e r .
A f te r  th e  p e r io d  o f  a g i t a t i o n ,  d i lu t i o n s  and p la t in g  o p e ra t io n s  were 
c a r r i e d  o u t i n  th e  darkened  la b o r a to r y .  The a b i l i t y  o f  th e  c e l l s  to  
form  c o lo n ie s  when exposed to  u l t r a v i o l e t - i r r a d i a t e d  o r  u n i r r a d ia te d  
medium was com pared. The cu m u la tiv e  dose o f  u l t r a v i o l e t  energy  used
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to  i r r a d i a t e  th e  suspend ing  medium was g r e a t e r  th a n  th a t  used i n  o th e r  
e x p e r im e n ts ,
( 4 ) E f f e c t  o f  inoculum  s iz e  and grow th o f  S. sonnei i n  th e  s y n th e t ic
medium
In  m a in ta in in g  s to c k  c u l tu r e s  o f 3 . sonnei (CDC-5044-59) on th e  
s y n th e t ic  medium o f  E rlan d so n  and Mackey (1 9 5 7 ), i t  was found th a t  
a  l a r g e  inoculum  was re q u ire d  to  g iv e  a la r g e  number o f  v ia b le  c e l l s  
w i th in  24 h o u rs , E rlan d so n  and Mackey found t h a t  sm a ll in o c u la  o f
S . f l e x n e r i  p roduced  grow th w hich was i n i t i a l l y  slow , b u t th e  same 
t o t a l  grow th was e v e n tu a l ly  reach ed  ( a f t e r  p ro longed  in c u b a tio n )  
w ith  in o c u la  o f  v a r io u s  s i z e s .  They s ta te d  t h a t  th e  r e s u l t s  were 
s im i l a r  w ith  S , s o n n e i , how ever, no q u a n t i t a t iv e  m easurem ents were 
made f o r  t h i s  s t r a i n .  We th o u g h t t h a t  th e  e f f e c t s  o f s iz e  o f inoculum  
o f  s t r a i n  CDC-5044-59 sh o u ld  be d e te rm ined  p r e c i s e ly .  For exam ple, 
i t  w ould be im p o rtan t to  know th e  e f f e c t s  o f  v a r io u s  chem icals on th e  
o rgan ism  a t  d i f f e r e n t  phases o f  th e  growt.h cu rv e . I t  would a ls o  be 
im p o rta n t t o  u se  c e l l s  o b ta in e d  from i d e n t i c a l  s ta g e s  in  the  lo g a ­
r i th m ic  grow th phase th ro u g h o u t th e  chem ical p r o te c t io n  and r e a c t iv a ­
t i o n  experim en ts i n  o rd e r  to  compare r e s u l t s .
A 24-h o u r  c u l tu r e  o f  s t r a i n  CDC-5044-59 was washed th r e e  tim es 
w ith  0 , 85% NaCl. The washed c e l l s  w ere resuspended  to  o b ta in  an O.D, 
o f  , 52, , 30 , ,16  and . 046. One ml o f  th e s e  v a r io u s  c e l l  su sp en s io n s  
was used  as in o c u la  i n  10 ml o f  th e  m edia ( i n  d u p l ic a t e ) .  Growth and 
r a t e  o f  grow th o f  th e  S h ig e l la  were d e te rm in ed  by changed in  th e  o p t i c a l  
d e n s i ty  o f  th e  c u l tu r e s  (B ausch and Lomb, " 3 p e c tro n ic -2 0 " , c o lo r im e te r ) .  
Sam ples w ere p la te d  and growth was d e te rm in ed  a t  th r e e  d i f f e r e n t  i n t e r -
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v a is  d u r in g  32 h o u rs  o f in c u b a tio n  a t  37 C.
(5 )  C hem ical p r o te c t io n  o f  u l t r a v i o l e t - i r r a d i a t e d  S . sonne i
S ix  n u c le ic  a c id  d e r iv a t iv e s ,  two s u lfh y d ry l  compounds, a  v ita m in , 
s e v e r a l  coenzymes, an  enzyme and an a n t i b i o t i c  were t e s t e d  f o r  t h e i r  
a b i l i t y  to  p r o te c t  s t r a i n  CDC-5044-59 from  th e  " k i l l i n g ” e f f e c t  o f  
u l t r a v i o l e t  r a d i a t i o n .  The c e l l  su sp en s io n s  were p re p a re d  in  th e  
d e s i r e d  c o n c e n tra tio n  o f  th e  t e s t  su b s ta n c e  (d is s o lv e d  in  b u f f e r ) .
The c e l l  su sp e n s io n s  were i r r a d i a t e d  w ith  a  cum ulative  dose o f 484*5, 
969, 1 , 453 .5  and 1 ,9 3 8  ergs/ram^. The c o n tr o ls  f o r  th e s e  experim en ts 
c o n s is te d  o f  c e l l  su sp en s io n s  n o t c o n ta in in g  th e  t e s t  chem ical. These 
su sp e n s io n s  were exposed to  u l t r a v i o l e t  l i g h t  under c o n d it io n s  i d e n t i c a l  
t o  th e  ex p erim en ts  o f  p r o te c t io n  (d e s c r ib e d  e a r l i e r ) ,  A second c o n tro l  
was u sed  t o  m easure any changes i n  grow th caused  by th e  t e s t  chem icals  
added . T h is  c o n tr o l  was p re p a re d  by tre a tm e n t o f 5 lal o f th e  ch em ica l- 
b u f f e r - c e l l  su sp en s io n  p r e p a r a t io n  to  a l l  c o n d itio n s  o f  th e  experim ent 
e x ce p t i r r a d i a t i o n .  D i lu t io n s  and p la t in g  o p e ra t io n s  were c a r r ie d  
o u t a s  u s u a l .
(6 ) Chem ical r e a c t i v a t i o n  o f  s t r a i n  (CDC-5044-59) from  th e  " k i l l i n g ”
e f f e c t s  o f  u l t r a v i o l e t  r a d i a t i o n
The method o f H einm ets e t  (1955) was fo llo w ed  c lo s e ly  in  t h i s  
phase  o f  th e  r e s e a r c h .  Tw enty-hour o ld  c e l l s  from  c u l tu r e s  p rep a red  
a s  d e s c r ib e d  e a r l i e r ,  were resu sp en d ed  to  o b ta in  an O.D. o f  0 , l 6 .
F iv e  ml a l iq u o ts  o f  th e  b a c t e r i a l  su sp en s io n s  were i r r a d i a t e d  i n  th e  
s p e c ia l  f la t -b o t to m e d  p e t r i  d is h e s ,  d u rin g  co n tin u o u s a g i t a t i o n .
A f te r  15 and 30 seconds o f  i r r a d i a t i o n ,  0 .1  ml sam ples were t r a n s f e r r e d  
to  9 .9  ml 1^15 p h o sp h a te  b u f f e r  b la n k s . A f te r  24 h o u rs  o f in c u b a tio n
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a t  37  G i n  b u f f e r  c o n ta in in g  th e  v a r io u s  t e s t  s u b s ta n c e s .  Sam ples w ere 
p l a t e d ,  and  c o lo n y  c o u n ts  made a f t e r  24 h o u rs  o f  in c u b a t io n .
M u l t i p l i c a t i o n  o f  th e  b a c t e r i a  i n  b u f f e r  and a l s o  th e  e f f e c t s  o f  
t h e  c h e m ic a l  s u b s t r a t e s  on th e  b a c t e r i a  w ere  c o n t r o l l e d  by t r a n s f e r r i n g
0 .1  m l a l i q u o t s  o f  u n i r r a d i a t e d  c e l l  s u s p e n s io n s  t o  th e  b u f f e r e d  
s u b s t r a t e  and  o b s e rv in g  c o lo n y  c o u n ts  a f t e r  24 h o u rs  o f  in c u b a t io n .
U sin g  t h i s  m ethod ( in c u b a t io n  i n  b u f f e r  f o r  24 h o u r s ) ,  th e  m u lt ip ­
l i c a t i o n  o f  t h e  b a c t e r i a  was s u p p re s s e d  o r  k e p t  a t  such  a  low l e v e l  
t h a t  i t  d id  n o t i n t e r f e r e  w i th  t h e  o b s e r v a t io n s  o f  r e a c t i v a t i o n .
The g e n e r a l  c r i t e r i o n  f o r  c e l l u l a r  r e c o v e ry  was th e  d i f f e r e n c e  i n  
t h e  num ber o f  v i a b l e  c e l l s  i n  th e  u n t r e a te d  and t r e a t e d  i r r a d i a t e d  
s a m p le s ,
(7 )  S e n s i t i v i t y  o f  d i f f e r e n t  s t r a i n s  o f  S . so n n e i to  u l t r a v i o l e t  
i r r a d i a t i o n
The "G ezon", "F o rm a l" , and # 21879-60  s t r a i n s  o f  S . s o n n e i  w ere  
com pared t o  t h e  CDC-5044-59 s t r a i n  f o r  t h e i r  s e n s i t i v i t y  t o  u l t r a v i o l e t  
r a d i a t i o n .  The c e l l  s u s p e n s io n s  w ere  p re p a re d  a s  d e s c r ib e d  e a r l i e r .  
T w en ty -h o u r c u l t u r e s  o f  th e  t h r e e  s t r a i n s  w ere w ashed (3 t im e s )  w ith  
b u f f e r  and  re s u sp e n d e d  i n  b u f f e r  to  o b ta in  an  O.D. o f  0 . l 6 ,  The 
i r r a d i a t i o n  p ro c e d u re s  p r e v i o u s ly  d e s c r ib e d  w ere u s e d 'i n  t h i s  a s s a y .
I t  was assum ed t h a t  th e  o rg a n ism s  w ere  i n  th e  m id d le  o f  t h e  lo g a ­
r i th m ic  g ro w th  s t a g e  a s  i n  th e  c a s e  o f  s t r a i n  CDC-5044-59. Growth 
c u rv e  s t u d i e s  i n  th e  s y n t h e t i c  m ed ia  w ere  n o t  done w i th  th e s e  s t r a i n s .  
C o n tr o ls  u s e d  i n  t h i s  a s s a y  w ere  th e  same a s  th o s e  u se d  i n  e s t a b l i s h i n g  
th e  k i l l i n g  c u rv e  f o r  s t r a i n  CDC-5044-59.
(8 )  A tte m p ts  to  p ro d u c e  in c r e a s e d  r e s i s t a n c e  a g a in s t  u l t r a v i o l e t  l i g h t  
i n  S , s o n n e i
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S e v e r a l  d i f f e r e n t  m ethods w ere u se d  i n  th e  a t te m p ts  t o  i s o l a t e  a  
m u ta n t o f  th e  p a r e n t  s t r a i n  GDC—5044-59  w hich  was more r e s i s t a n t  t o  
u l t r a v i o l e t  i r r a d i a t i o n .
The f i r s t  m ethod a t te m p te d  was t h a t  u se d  by W itk in  (1947) i n  w hich  
sh e  i s o l a t e d  th e  w e l l  known m u ta n t, E s c h e r i c h i a  c o l i  B / r .  I n  e s se n c e  
h e r  m ethod  and r e s u l t s  w ere a s  fo l lo w s :
1 .  A p p ro x im a te ly  5 x  10^ w ashed c e l l s  o f  s t r a i n  B w ere p l a t e d  on 
a  n u t r i e n t  a g a r  p l a t e  s u r f a c e .  The s u r f a c e  o f  th e  a g a r  was i r r a d i a t e d  
w i th  a  u l t r a v i o l e t  d o se  o f  1000 ergs/m m ^,
2 .  The f o u r  s u r v iv in g  c o lo n ie s  w ere  in o c u la t e d  i n to  tu b e s  o f  
n u t r i e n t  b r o th ;  a t  th e  same t im e ,  f o u r  c o n t r o l  c u l t u r e s  w ere s t a r t e d  
by  i n o c u l a t i n g  i n t o  b r o t h ,  s i n g l e  c o lo n ie s  from  a n o n i r r a d i a t e d  p l a t e ,
3 .  The s e n s i t i v i t y  o f  th e  two s e t s  o f  c u l t u r e s  were com pared.
The c u l t u r e s  d e r iv e d  from  th e  f o u r  s u r v iv o r s  o f  th e  o r i g i n a l l y
i r r a d i a t e d  p l a t e  w ere  c h a r a c t e r i z e d  by  c o n s id e r a b ly  g r e a t e r  r e s i s t a n c e  
t o  u l t r a v i o l e t  l i g h t  th a n  th e  c o rre s p o n d in g  c o n t r o l  c u l t u r e s  (named 
s t r a i n  B / r ,  s t r a i n  B r e s i s t a n t  t o  r a d i a t i o n ) .  W itk in  a l s o  com pared 
g ro w th  r a t e s  a t  37 C and s u s c e p t i b i l i t y  t o  p e n i c i l l i n  and sodium  
s u l f a t h i a z o l e .  D i f f e r e n c e s  w ere  n o te d  i n  g row th  r a t e s  b e tw een  th e  
tw o s t r a i n s  i n  t h e  l a g  p h a s e .  The B /r  s t r a i n  had  a la g  p h a se  o f  1 
h o u r  com pared t o  90 m in u te s  f o r  s t r a i n  B. The g e n e r a t io n  tim e  was t h e  
sam e, h o w e v e r. The B / r  s t r a i n  had  d e v e lo p e d  an  in c r e a s e  i n  r e s i s t a n c e  
t o  p e n i c i l l i n  and sod ium  s u l f a t h i a z o l e .
The m ethod o f  W itk in  was d u p l i c a t e d  u s in g  th e  CDC-5044-59 s t r a i n  
i n  t h e  p r e s e n t  s tu d y ,
A seco n d  m ethod a t te m p te d  was t h e  i r r a d i a t i o n  o f  5 ml o f  a  c e l l
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s u s p e n s io n  o f  S . so n n e i (O .D ., O . I 6 ) f o r  30 s e c o n d s . One m l o f  t h i s  
i r r a d i a t e d  c e l l  s u s p e n s io n  was u se d  to  i n o c u l a t e  10 m l o f  m edium . The 
c u l t u r e  was in c u b a te d  a t  37 C f o r  2 4 -4 8  h o u r s .  The c u l t u r e  was c e n t r i ­
fu g e d ; th e  c e l l s  w ere  w ashed 3 t im e s  w ith  b u f f e r  and a g a in  re s u sp e n d e d  
i n  b u f f e r  t o  o b t a i n  an  O.D. o f  O .I 6 . T h is  p ro c e d u re  was c a r r i e d  o u t 
w i th  i n c r e a s in g  d o s e s  u n t i l  g row th  no lo n g e r  o c c u r re d  a f t e r  48 h o u rs  
o f  i n c u b a t i o n .  S u r v iv a l  c u rv e s  w ere  d e te rm in e d  a f t e r  e ach  i n c r e a s in g  
d o se  an d  com pared t o  t h e  o r i g i n a l  k i l l i n g  c u rv e . T h is  m ethod was 
u se d  i n  a n  a t te m p t  t o  p ro d u c e  a  " s te p -w is e '*  o r  " t r a in e d "  m u ta n t i n  
c o n t r a s t  t o  a  " s i n g l e - s t e p "  m u ta n t .
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CHAPTER IV 
RESULTS
(1 )  E f f e c t  o f  u l t r a v i o l e t  i r r a d i a t i o n  on S h i g e l l a  s o n n e i
U l t r a v i o l e t  i r r a d i a t i o n  (w a v e le n g th  o f  2537 o f  s u s p e n s io n s  o f  
S . s o n n e i  s t r a i n s  i n  b u f f e r  r e s u l t e d  i n  r a p id  d e a th  o f  th e  c e l l s  a s  
m easu red  b y  l o s s  o f  c o lo n y -fo rm in g  a b i l i t y .  R e s u l t s  a r e  re c o rd e d  i n  
T a b le  11 and  f i g u r e s  2 and 3 .  The in c i d e n t  e n e rg y  n e c e s s a ry  u n d e r  th e  
c o n d i t i o n s  o f  t h e s e  e x p e r im e n ts  t o  p ro d u c e  100^  i n h i b i t i o n  o f  c o lo n y  
fo rm a t io n  f o r  th e  f o u r  s t r a i n s  was a s  f o l lo w s :  s t r a i n  CDC-5044-59,
1292 ergs/m m ^; s t r a i n  #  2 1 8 7 9 -6 0 , 2261 ergs/m m ^; "Gezon" s t r a i n ,
1615 ergs/m m ^; and th e  "F o rm al"  s t r a i n ,  1292 ergs/m m ^. The i n i t i a l  
i r r a d i a t i o n  e x p e r im e n ts  w ith  c e l l  s u s p e n s io n s  i n  s a l i n e  showed l i t t l e  
o r  no change  from  s u s p e n s io n s  i n  b u f f e r  a s  f a r  a s  t h e  k i l l i n g  e f f e c t  
o f  u l t r a v i o l e t  i r r a d i a t i o n  was c o n c e rn e d .
The f o u r  s t r a i n s  showed v a r i e d  s u s c e p t i b i l i t y  to  u l t r a v i o l e t  
i r r a d i a t i o n ,  e s p e c i a l l y  i n  th e  f i r s t  30 seco n d s o f  i r r a d i a t i o n .  The 
CDC-5044-59 s t r a i n  showed a  d e c r e a s e d  s e n s i t i v i t y  to  th e  u l t r a v i o l e t  
i r r a d i a t i o n  a s  com pared  to  t h e  o t h e r  t h r e e  s t r a i n s  t e s t e d .  The 
§ 2 1 879 -60  and th e  "Gezon" s t r a i n s  showed a lm o s t i d e n t i c a l  s u s c e p t i b i l i t y  
to  u l t r a v i o l e t  l i g h t  w ith  th e  e x c e p t io n  t h a t  th e  # 21879-60 s t r a i n  c e l l  
s u s p e n s io n s  c o n ta in e d  v i a b l e  c e l l s  a f t e r  60 se c o n d s  ( 193# ergs/m m ^) o f  
i r r a d i a t i o n  and  th e  "Gezon" s t r a i n  c e l l  s u s p e n s io n s  d id  n o t c o n ta in  
v i a b l e  c e l l s  a f t e r  50 se c o n d s  ( I 615 ergs/m m ^) o f  i r r a d i a t i o n .  The 
"F o rm al"  s t r a i n  c e l l  s u s p e n s io n s  showed th e  maximum s e n s i t i v i t y  t o  t h e
26
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TABLE I I
C om parison  o f  th e  s u s c e p t i b i l i t y  o f  
f o u r  s t r a i n s  o f  S . s o n n e i  t o  u l t r a v i o l e t  
l i g h t  (A v e rag e  o f  3 e x p e r im e n ts )
S t r a i n s
Em ployed
Dose 
i n  e rg s  p e r  mm
% S u rv iv o r s
Nd X 100 (N d -d a rk  s u r v iv o r s )  
No (N o -c o n d it io n  g row th
c o n t r o l )
GDC-5044-59 0 1 0 0 .0 0 0 0
323 3 5 .7 6 0 0
646 6 .0 6 0 0
969 1 .0 3 0 0
1 ,2 9 2 0 .0 0 0 0
1,615 0 .0 0 0 0
#  21079 -60 0 1 0 0 .0000
323 3 .7 1 0 0
646 .8 030
969 .0 4 3 0
1 ,2 9 2 . 006.5
1,615 .0006
1,938 .0 004
"G ezon" 0 100.0000
323 1 .3 9 0 0
646 .8900
969 .0310
1 ,2 9 2 .0 023
1 ,6 1 5 0.0000
"F o rm al" 0 1 0 0 .0 0 0 0
323 .8700
969 .0 7 7 0
1 ,2 9 2 .0 005
1 ,6 1 5 .0 0 0 0
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u l t r a v i o l e t  i r r a d i a t i o n  o f  th e  f o u r  s t r a i n s  t e s t e d .
(2 )  The e f f e c t  o f  u l t r a v i o l e t  i r r a d i a t e d  s a l i n e  and p h o sp h a te  b u f f e r  
upon th e  g ro w th  o f  S h i g e l l a  s o n n e i
S a l in e  and p h o sp h a te  b u f f e r  i r r a d i a t e d  up to  t e n  m in u te s  
2
(1 9 ,3 8 0  ergs/m m  ) and  a llo w e d  to  i n t e r a c t  w i th  added  w ashed c e l l s  f o r  
t e n  m in u te s , showed no d e c r e a s e  i n  v i a b i l i t y  when t r e a t e d  i n  t h i s  way.
The c u m u la t iv e  d o se  o f  u l t r a v i o l e t  e n e rg y  u se d  to  i r r a d i a t e  t h e  s a l i n e  
o r  b u f f e r  su s p e n d in g  medium was g r e a t e r  t h a n  t h a t  u se d  i n  o t h e r  e x p e r i ­
m e n ts , T h e r e fo r e ,  an y  " k i l l i n g  e f f e c t "  upon S . s o n n e i c e l l s  i r r a d i a t e d  
i n  t h e s e  two su s p e n d in g  m edia  was due to  a b s o r p t io n  o f  th e  u l t r a v i o l e t  
e n e rg y  by th e  c e l l s  o r  p a r t s  t h e r e i n  and  n o t  due t o  u l t r a v i o l e t  in d u c e d  
t o x i c i t y  o f  t h e  su s p e n d in g  m edium .
(3 )  E f f e c t  o f  u l t r a v i o l e t  l i g h t  on v a r io u s  p o p u la t io n s  o f  S . so n n e i
I n  f i g u r e  4 th e  " k i l l i n g  c u rv e s "  o f  v a r io u s  p o p u la t io n s  o f  S . so n n e i 
(C D C -5044-59) a r e  com pared . An u l t r a v i o l e t  d o se  o f  a p p ro x im a te ly  
300 ergs/m m  s e p a r a te d  th e  i n c i d e n t  e n e rg y  n e c e s s a r y  f o r  99^ i n a c t i v a t i o n  
f o r  t h e  f i v e  c e l l  s u s p e n s io n s  a s s a y e d , 7 7 5 , 6 0 0 , 575 and  480 ergs/m m ^, 
r e s p e c t i v e l y ,  was r e q u i r e d  t o  i n a c t i v a t e  99^  o f  th e  c e l l s  i n  s u s p e n s io n s  
c o n ta in in g  9*5 x  1 0 ^ , 1 .4  x  1 0 ^ , 2 .1  x  1 0 ^ , 4 .0  x  10® and 4 .4  x  10*  ̂
c e l l s  p e r  m l. B ecause  o f  th e  l i m i t a t i o n s  o f  t h e  m ethod u se d  i n  
p e r fo rm in g  th e  a s s a y ,  no f u r t h e r  a s s a y s  w ere  a t te m p te d  f o r  g r e a t e r  
a c c u ra c y ,
(4 )  E f f e c t  o f  s i z e  o f  in o cu lu m  on  th e  g row th  o f  S . so n n e i i n  s y n t h e t i c  
medium (E r la n d s o n  and M ackey)
The r a t e  o f  g ro w th  o f  s t r a i n  CDC-5044-59 u s in g  d i f f e r e n t  s i z e s  o f  
in o c u la  i s  com pared i n  f i g u r e  5» T h ere  was a  c o n s id e r a b le  l a g  p h a se  i n  
t h e  g ro w th  o f  s t r a i n  CDC-5044—59 i n  t h e  medium u s in g  s m a l l e r  i n o c u la .
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O
The s m a l l e r  in o c u la  ( 2 .8  x  10 c e l l s  p e r  ml o f  c u l t u r e )  gave r i s e  t o  
a  l a g  p h a se  o f  a b o u t s i x  t im e s  t h a t  o f  t h e  l a r g e r  in o c u la  ( 2 .2  x  10^ 
c e l l s  p e r  ml o f  c u l t u r e ) .  G row th w ith  s m a l le r  in o c u la  was i n i t i a l l y  
s lo w , b u t  th e  same t o t a l  g ro w th  was e v e n tu a l ly  re a c h e d  w ith  a l l  i n o c u la .  
At th e  end o f  32 h o u r s ,  a p p ro x im a te ly  4 .0  x  10 v ia b le  c e l l s  p e r  m l o f  
c u l t u r e  w ere  o b ta in e d  from  a l l  c u l t u r e s .  T a b le  I I I  l i s t s  th e  v i a b l e  
c e l l  c o u n t p e r  ml o f  c u l t u r e  a f t e r  8 -  and 3 2 -h o u rs  in c u b a t io n  i n  th e  
s y n t h e t i c  medium.
(5 )  S tu d ie s  on th e  p r o t e c t i o n  o f  S . so n n e i (CDC-5044-59) a g a in s t  th e  
l e t h a l  e f f e c t s  o f  u l t r a v i o l e t  l i ^ h t
A s e r i e s  o f  p r o t e c t i o n  s t u d i e s  h a s  shown t h a t  many o f  th e  
compounds t e s t e d  w ere  a b le  t o  re d u c e  th e  d e s t r u c t i v e  a c t i v i t y  o f  th e  
u l t r a v i o l e t  i r r a d i a t i o n .  D ata  from  th e s e  s t u d i e s  a r e  l i s t e d  i n  T a b le  IV 
and  f i g u r e s  6 th ro u g h  1 9 . T a b le  IV l i s t s  th e  a p p ro x im a te  num ber o f  
v i a b l e  c e l l s  p e r  ml f o r  each  c o n c e n t r a t io n  a f t e r  60 seco n d s o f  i r r a d i a ­
t i o n  (1 ,9 3 8  e rg s /m m ^ ). I n  a l l  a s s a y s  i n  th e  p r o t e c t i o n  s t u d i e s ,  th e  
c e l l s  i n  c o n t r o l  s u s p e n s io n s  w ere  i n a c t i v a t e d  a f t e r  40 seco n d s i r r a d i a -  
t i o n  (1 ,2 9 2  ergs/m m  ) ,  The c o n c e n t r a t io n  o f  c e l l s  i n  th e  c o n t r o l
Q
s u s p e n s io n s  b e fo r e  i r r a d i a t i o n  was a p p ro x im a te ly  1 x  10 c e l l s  p e r  m l. 
Compounds t e s t e d  w h ich  gave l i t t l e  o r  no p r o t e c t i o n  w ere  t h e  s u l f h d r y l  
com pounds: c y s te in e  h y d r o c h lo r id e ,  sodium  t h i o g l y c o l l a t e  and g l u t a ­
t h i o n e .  The r e d u c in g  p r o p e r t i e s  o f  t h e s e  compounds i n  th e  co n cen ­
t r a t i o n s  u s e d  d id  n o t  e x e r t  a n y  t o x i c  e f f e c t  on  th e  g row th  o f  c o n t r o l  
s u s p e n s io n s  u n d e r  th e  c o n d i t io n s  o f  th e  a s s a y s .  The g r a p h ic  r e p r e ­
s e n t a t i o n  o f  th e s e  a s s a y s  a r e  l i s t e d  i n  f i g u r e s  1 2 , 13 and  1 4 .
The a d d i t i o n  o f  th e  enzyme c a t a l a s e  h a s  b e en  fo u n d  t o  i n c r e a s e
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Growth of S h igella  sonnei ( s t r a in  CDC-5044-59) 
in  the syn the tic  medium of Erlandson and Mackey
(/)
C/)
Optical Density 
of inocula 
(at 575 mu)
Viable Count 
of inocula 
(no./ml)
Optical Density 
after  8-hours 
of incubation
Viable Count 
after 8-hours 
'̂ f incuba,tion
Optical Density 
after 32-hours 
of incubation
Viable Count 
a fte r  32-hours 
of incubation
0 ,1 1 2 .2 x 1 1 ^ 0.82 3 .9  X 10^ 1.13 3.5  X 10®
0.07 1 .2  X 10^ 0.55 1 ,1  X 10® 1.19 4 .4  X 10®
0.046 8.0  X 10^ 0.69 8 .1  X 10^ 1 .2 0 3,9 X 10®
0 .0 2 2 2 .8  X 10^ 0.28 2 .8  X 10^ 1.15 4.3 X 10®
■!>
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TABLE IV
Compounds w h ich  p r o t e c t e d  ( o r  p a r t i a l l y  p ro ­
t e c t e d )  S h i g e l l a  s o n n e i ( s t r a i n  CDC-5044-59) 
from  th e  d e s t r u c t i v e  a c t i o n  o f  u l t r a v i o l e t  l i g h t ,
Compound C o n c e n tr a t io n s  u se d V ia b le  co u n t (no 
p e r  m l a f t e r  60 
s e c  o f  i r r a d i a t i o n *
a d e n y l ic  a c id 1 0 ,1 0 0 ,1 0 0 0  m cg/m l 0 ,1 0 ^ ,  10^
g u a n y l ic  a c id 1 0 ,1 0 0 ,1 0 0 0  m cg/m l 0 ,1 0 ^ , lo"^
u r i d y l i c  a c id 1 0 ,1 0 0 ,1 0 0 0  m cg/m l o , i c P ,  lo '^
u r i d i n e 1 0 ,1 0 0 ,1 0 0 0  m cg/m l o , i c P ,  lo '^
u r a c i l 1 0 ,1 0 0 ,1 0 0 0  m cg/m l 0 , 0 , 10^
a d e n in e 1 0 ,1 0 0 ,1 0 0 0  m cg/m l 0 ,1 0 ^ ,  10?
c y s t e i n e  HCl 0 .1 ,  0 .5 ,  1 .0  mgm/ml 0 ,0 ,0
sodium  t h i o g l y c o l l a t e 0 .5 ,  1 , 2 mgm/ml 0 ,0 ,0
g l u t a t h i o n e 0 .5 ,  1 , 2 mgm/ml 0 ,0 ,0
a s c o r b ic  a c id 1 0 ,1 0 0 ,1 0 0 0  m cg/m l 0 ,0 ,0
n i c o t i n i c  a c id 1 0 ,1 0 0 ,1 0 0 0  m cg/m l 0 ,1 0 ? ,  10^
COenzyme I 1 0 ,1 0 0 ,1 0 0 0  m cg/m l 1 0 ^ ,1 0 ^ ,1 0
c a t a l a s e 1 0 ,1 0 0 ,1 0 0 0  m cg/m l 0 ,0 ,0
a d e n o s in e  t r i p h o s p h a t e 1 0 ,1 0 0 ,1 0 0 0  m cg/m l 0 ,1 0 ^ ,  10^
p e n i c i l l i n  "0" 1 0 ,1 0 0 ,1 0 0 0  m cg/m l 0 , 1 0 ^ , 0
The a p p ro x im a te  num ber o f  v i a b l e  c e l l s  p e r  m l a r e  g iv e n  f o r  each  con­
c e n t r a t i o n  a f t e r  60 se co n d s  o f  i r r a d i a t i o n .  The num ber o f  c e l l s  
b e fo r e  i r r a d i a t i o n  was a p p ro x im a te ly  109 c e l l s  p e r  m l. I n  a l l  a s s a y s  
t h e  u l t r a v i o l e t  i r r a d i a t i o n  d e s t r o y e d  a l l  c e l l s  i n  th e  c o n t r o l  
s u s p e n s io n s  a f t e r  40  se co n d s  i r r a d i a t i o n .
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FIGURE 10
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t h e  s u r v i v a l  o f  E. c o l l  (Monod e t  1949; L a t a r j e t  e t  sO.., 1954;
M i l e t i c ,  1954; T e t i ,  1954 ) .  I n  th e  p r e s e n t  a s s a y s  perform ed w i th  c a t a ­
l y s e ,  no p r o t e c t i o n  a g a i n s t  th e  i n a c t i v a t i o n  e f f e c t s  o f  u l t r a v i o l e t  
i r r a d i a t i o n  on S . so n n e i  was o b se rv e d .  The s i g n i f i c a n c e  o f  t h i s  o b s e r ­
v a t i o n  w i l l  be d i s c u s s e d  l a t e r .
The n u c le o t i d e s  ( a d e n y l i c  a c i d ,  g u a n y lic  a c i d ,  u r i d y l i c  a c i d ) ,  
n u c le o s id e  ( u r i d i n e ) ,  p u r in e  base  ( a d e n in e ) ,  n i c o t i n i c  a c id ,  coenzyme I ,  
and a d e n o s in e t r ip h o s p h a te  p r o t e c t e d  S. so n n e i  a g a in s t  u l t r a v i o l e t  
i r r a d i a t i o n  a s  compared to  c o n t r o l s .  The d e g re e  o f  p r o t e c t i o n  w ith  
t h i s  g roup  o f  compounds a f t e r  60 seconds o f  i r r a d i a t i o n  i n  te rm s o f
p r e s e n t  s u r v i v a l  s u r v i v a l  = Dark s u r v iv o r s  x  100) was sm a ll ;
C o n d i t io n  c o n t r o l
l e s s  t h a n  ~L% i n  most o f  t h e  c a s e s .  I t  i s  s i g n i f i c a n t ,  however, t h a t  
a f t e r  60 seconds o f  u l t r a v i o l e t  i r r a d i a t i o n  u n d e r  th e  c o n d i t io n s  o f  th e  
e x p e r im e n t ;  th e s e  compounds p r o t e c t e d  t h e  c e l l  su sp e n s io n s  t o  t h e  e x te n t  
t h a t  a p p ro x im a te ly  1 x  10*  ̂ c e l l s  p e r  ml o f  a t o t a l  o f  a p p ro x im a te ly  
1 X  10^ c e l l s  p e r  ml rem ained  v i a b l e ,  w h ile  c o n t r o l  su sp e n s io n s  showed 
no v i a b l e  c e l l s  a f t e r  40 seconds o f  u l t r a v i o l e t  r a d i a t i o n .
The o t h e r  compounds a ssa y ed  which produced l e s s  p r o t e c t i o n  t h a n  
t h e  above compounds, bu t s t i l l  showed some p r o t e c t i o n  were: p e n i c i l l i n
G and c y s t e in e  h y d r o c h lo r id e .
(6 )  S tu d ie s  on th e  chem ica l r e a c t i v a t i o n  o f  S. so n n e i  (GDC-5044-59) 
i n a c t i v a t e d  by u l t r a v i o l e t  l i g h t
I n  t h e  p re c e d in g  p o r t i o n  o f  t h i s  t h e s i s ,  t h e  compounds t o  be 
t e s t e d  f o r  p r o t e c t i v e  a c t i o n  were added b e fo re  i r r a d i a t i o n .  I n  t h i s  
s tu d y ,  a l i q u o t s  o f  i r r a d i a t e d  c e l l  su sp e n s io n s  were added t o  th e  
b u f f e r e d  ch em ica l  s o l u t i o n s ,  in c u b a te d  f o r  24 h o u rs  and th e n  a s sa y e d
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f o r  v i a b i l i t y .  The c o n c e n t r a t i o n  o f  th e  ch em ic a ls  g iv in g  maximum 
p r o t e c t i o n  i n  t h e  p r i o r  p r o t e c t i o n  s t u d i e s  was used  i n  th e  r e a c t i v a t i o n  
s tu d y .
No a t te m p t  was made to  p e rfo rm  sy s te m a t ic  s t u d i e s  on th e  r e a c t i v a ­
t i o n  s tu d y  because  t h i s  would have r e q u i r e d  e x te n s iv e  e x p e r im e n ta l  
f a c i l i t i e s  which were n o t  a v a i l a b l e .  However, s e v e r a l  experim ents  
w ere p e rfo rm ed  i n  o r d e r  to  o b t a in  some i n i t i a l  i n f o r m a t io n  on t h e  
s u b j e c t :  T ab le  V r e p r e s e n t s  such d a t a ,  and  i t  can be seen  t h a t  some
compounds w ere  more e f f e c t i v e  i n  i n c r e a s in g  v i a b l e  c e l l  coun ts  t h a n  
o t h e r s .  Of t h e  compounds t e s t e d ,  n i a c i n ,  a s c o r b ic  a c id  and sodium 
t h i o g l y c o l l a t e  p roduced  e f f e c t s  on th e  v i a b i l i t y  o f  th e  c e l l s  when 
in c u b a te d  w i th  norm al u n i r r a d i a t e d  c e l l s .  F ig u re s  20 th ro u g h  24 g iv e  
a  g r a p h ic  r e p r e s e n t a t i o n  o f  t h e  d a ta  p r e s e n te d  i n  Table  V.
A d e n o s in e t r ip h o s p h a te ,  c a t a l a s e ,  sodium t h i o g l y c o l l a t e ,  g l u t a ­
t h i o n e  and a d e n y l ic  a c id  caused  r e a c t i v a t i o n  i n  m agn itudes  o f  a p p ro x i ­
m a te ly  two lo g  numbers o f  c e l l s  g r e a t e r  t h a n  b u f f e r  a lo n e  and a p p ro x i­
m a te ly  one lo g  number o f  c e l l s  g r e a t e r  th a n  th e  o t h e r  compounds a ssa y ed . 
Of i n t e r e s t  and p e rh a p s  o f  s i g n i f i c a n c e ,  a r e  th e  d i f f e r e n c e s  n o ted  i n  
t h e  m agnitude  o f  r e a c t i v a t i o n  p roduced  by th e  n u c l e o t i d e s .  A denylic  
a c id  and u r i d y l i c  a c i d  i n c r e a s e d  th e  v i a b i l i t y  o f  th e  i r r a d i a t e d  c e l l  
s u s p e n s io n s  by a p p ro x im a te ly  two lo g  num bers, w hereas w ith  g u a n y l ic  
a c i d  t h e r e  was o n ly  s l i g h t  r e a c t i v a t i o n ,
(7 )  A ttem p ts  t o  p ro duce  i n c r e a s e d  r e s i s t a n c e  t o  u l t r a v i o l e t  i r r a d i a ­
t i o n  i n  S. so n n e i
A l l  a t t e m p ts  t o  i s o l a t e  a  m utan t o f  s t r a i n  GDC-5044-59 which 
p o s s e s s e d  perm anent i n c r e a s e d  r e s i s t a n c e  to  u l t r a v i o l e t  i r r a d i a t i o n
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TABLE V
E f f e c t  o f  v a r io u s  compounds on th e  r e a c t i v a t i o n  o f  
S h i g e l l a  so n n e i  exposed  t o  u l t r a v i o l e t  l i g h t  
(969 e rgs /sq .i i im ), s u b s e q u e n t ly  in c u b a te d  f o r  24 
ho u rs  a t  37 C, and th a n  p l a t e d  f o r  c e l l  c o u n ts .
I n c u b a t io n  medium C o n c e n t r a t io n V ia b le  Count 
(n o . /m l)
B u f f e r 1 .0  X 10^
A d eny lic  a c id 1 ,0 0 0  mcg/ml 3 . 0  X  1 0 ^
G u a n y lic  a c id 1 ,0 0 0  mcg/ml 4 .0  X 10^
U r i d y l i c  a c id 1 ,0 0 0  mcg/ml 8 .0  X  I c A
U rid in e 1 ,0 0 0  mcg/ml 1 . 8  X  1 0 ^
Adenine 1 ,0 0 0  mcg/ml 5 .3  X ICp
U r a c i l 1 ,00 0  mcg/ml 2 . 3  X  1 0 ^
G lu ta th io n e 0 .5  mgm/ml 5 .0  X 10^
C y s te in e  h y d ro c h lo r id e 1 .0  mgm/ml 0
Sodium t h i o g l y c o l l a t e 2 .0  mgm/ml 2 .6  X 10^
A sco rb ic  a c id 100 mcg/ml 0
N ia c in 100 mcg/ml 0
Coenzyme I 1 ,0 0 0  mcg/ml 1 . 0  X  1 0 ^
C a ta la s e 10 mcg/ml 5 .9  X 10^
Adeno s in e  t  r ip h o  sp h a t  e 1 ,0 0 0  mcg/ml 6 . 2  X  1 0 ^
P e n i c i l l i n  G
(1  mgm = 1435 u n i t s )
10 mcg/ml 6 . 0  X  1 0 ^
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FIGURE 20
Restora t ion  of V ia b i l i t y  of U l t r a v io le t - in ac t iv a te d  3. sonnei by Adenylic Acid,
Guanylic Acid, and Uridylic  Acid
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FIGuRE 22
n to r a t io n  of V i a b i l i t y  of U l t r a v i o le t - in a c t i v a t e d  5. sonnei by G lu ta th io n e ,  Sodium
T h io g ly c o l la te  and Ci/steine HCl
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FIGUR2: 24
Restorat ion  of V i a b i l i t y  of U l t r a v i o le t - in a c t i v a t e d  S. sonnei by Adcnosine t r io h o sn h a te
Catalase and P e n ic i l l i n  G
5 â
w ere  u n s u c c e s s f u l .  A p p ro x im a te ly  5 x  10^  w ashed c e l l s  w ere  p l a t e d  on  
n u t r i e n t  a g a r  p l a t e s .  The s u r f a c e  o f  t h e  a g a r  was i r r a d i a t e d  w i t h  an  
u l t r a v i o l e t  d o se  o f  1 ,2 9 2  ergs/m m ^. S u r v i v i n g  c o l o n i e s  were i n o c u l a t e d  
i n t o  n u t r i e n t  b r o t h ,  and s y n t h e t i c  medium. C o n t r o l  c u l t u r e s  w ere  
s t a r t e d  b y  i n o c u l a t i n g  n u t r i e n t  b r o t h  and  s y n t h e t i c  medium from  a 
n o n - i r r a d i a t e d  p l a t e .
Of t h e  60 c o l o n i e s  i s o l a t e d  from  num erous i r r a d i a t e d  p l a t e  
s u r f a c e s ,  s e v e r a l  c o l o n i e s  p o s s e s s e d  i n c r e a s e d  r e s i s t a n c e  a s  compared 
t o  c o n t r o l  c u l t u r e s .  But t h e s e  c u l t u r e s  m a in ta in e d  t h i s  r e s i s t a n c e  
o n l y  th r o u g h  t h r e e  t o  f o u r  t r a n s f e r s  on n u t r i e n t  a g a r  s l a n t s  o r  t h e  
l i q u i d  s y n t h e t i c  medium. T a b le  VI shows t h e  o r d e r  o f  r e s i s t a n c e  
th r o u g h  t h e  f i r s t  t r a n s f e r .  A f t e r  t h e  f o u r t h  d a i l y  t r a n s f e r ,  t h e r e  
was no s i g n i f i c s i n t  d i f f e r e n c e s  i n  r e s i s t a n c e  o f  t h e  c u l t u r e s .
The m ethod  u s e d  i n  a t t e m p t in g  t o  p ro d u c e  a  " t r a i n e d "  m u ta n t  c o u ld  
n o t  be u s e d  b e c a u se  o f  t h e  i n h e r e n t  a b i l i t y  o f  th e  s y n t h e t i c  medium t o  
r e a c t i v a t e  t h e  i r r a d i a t e d  c e l l  s u s p e n s io n s  u s e d  a s  in o cu lu m . When
0 . 1  ml o f  a  5 ml c e l l  s u s p e n s io n  ( l  x  10^  c e l l s / m l ) ,  i r r a d i a t e d  w i th  
a  c u m u la t iv e  do se  o f  9 ,6 9 0  ergs/m m ^, was u s e d  t o  i n o c u l a t e  9*9 ml o f  
t h e  s y n t h e t i c  medium, g ro w th  r e s u l t e d  i n  20 o u t  o f  20 c u l t u r e s  r e p e a t ­
e d l y .  When t h i s  in o c u lu m  was s p r e a d  on n u t r i e n t  a g a r  p l a t e s ,  no 
g ro w th  r e s u l t e d .  C e l l  s u s p e n s io n s  f ro m  t h e s e  c u l t u r e s  showed no 
i n c r e a s e d  r e s i s t a n c e  t o  u l t r a v i o l e t  i r r a d i a t i o n  compared t o  t h e  c o n t r o l  
c e l l  s u s p e n s io n s .
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TABLE VI
C o m p ara tiv e  e f f e c t s  o f  u l t r a v i o l e t  
l i g h t  on " s t o c k ” c u l t u r e s  and. 
" r e s i s t a n t "  c u l t u r e s  o f  S ,  s o n n e i
C u m u la t iv e  u . v .  V ia b le  c e l l s / m l  V ia b le  c e l l s / m lV  U _ L tlU _ L C *  L» V ^  I * »  V #  V J - C L U J - C
Dose ergs/m m  " c o n t r o l " "m u tan t"
0 8 .5 X 10 ’̂ 1 .0 X 10^
323 7 .9 X 10^ 2 .1 X 10^
646 4 . 4 X 10^ 1 .8 X 10^
969 2 .9 X 10^ 8 .9 X 10^
1292 0 3 .1 X 10^
1615 0 2 .9 X 10^
1938 0 0
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CHAPTER V
DISCUSSION AND CONCLUSIONS
When an  o rg a n is m  i s  " k i l l e d "  b y  u l t r a v i o l e t  l i g h t ,  a  w hole  
s p e c t ru m  o f  e f f e c t s  i s  p r o b a b l y  p ro d u c e d .  B a c t e r i a  and  o t h e r  m ic ro ­
o rg a n is m s  a r e  t h e  o rg a n is m s  o f  c h o ic e  f o r  su ch  s t u d i e s .  B a c t e r i a  a r e  
s i n g l e - c e l l e d ,  and  t h e i r  m e ta b o l i c  and  g e n e t i c  b e h a v io r  can  be  r e a d i l y  
s t u d i e d .  They a r e  e a s y  t o  m a n ip u la te  b e c a u s e  we can  work w i th  popu­
l a t i o n s  o f  m i l l i o n s  o f  i n d i v i d u a l s ,  o f  w h ich  a  m a j o r i t y  can  be a f f e c t e d  
by  r a d i a t i o n  i n  a  s h o r t  t i m e ,  and  t h e  r e s u l t s  o f  an  e x p e r im e n t  can  
u s u a l l y  be o b s e rv e d  t h e  d a y  a f t e r  e x p o su re  t o  i r r a d i a t i o n .
However, t h e  s i z e  o f  t h e  b a c t e r i a l  c e l l  p r e s e n t s  a  p ro b lem  and 
l i m i t s  t h e  m ethods by w hich  v i t a l  i n f o r m a t i o n  can be o b ta in e d  con­
c e r n i n g  t h e  m echanism  o f  d e s t r u c t i o n ,  r e g i o n  o f  t h e  c e l l  t h a t  h a s  b een  
dam aged, an d  how t h i s  damage can  be p r o t e c t e d  a g a i n s t  o r  be  r e p a i r e d  
by  c h e m ic a l  and  p h y s i c a l  a g e n t s .  The c e l l s  a r e  so s m a l l  t h a t  we can  
s e e  v e r y  l i t t l e  o f  t h e i r  p h y s i c a l  s t r u c t u r e  i n  t h e  l i v i n g  s t a t e .  The 
q u e s t i o n  o f  n u c l e a r  o r  c y to p la s m ic  i n j u r y  c a n n o t  be r e s o l v e d  w i th  much 
c e r t a i n t y .  I f  i t  w ere  p o s s i b l e  t o  i r r a d i a t e  a  c e r t a i n  p a r t  o f  a 
b a c t e r i a l  c e l l  a n d  o b s e r v e  t h e  v i s u a l  and  p h y s i o l o g i c a l  e f f e c t s  o f  
t h e  i r r a d i a t i o n ,  m ore v a l u a b l e  i n f o r m a t i o n  c o u ld  be o b t a i n e d .
I t  became a p p a r e n t  t h a t  S h i g e l l a  s o n n e i  was e a s i l y  i n a c t i v a t e d  
b y  u l t r a v i o l e t  l i g h t  (2 ,5 3 7  A ). L e i f  a l .  ( 1960 ) compared t h e  
u l t r a v i o l e t  d o s e  n e c e s s a r y  t o  i n a c t i v a t e  S .  a u r e u s  u n d e r  t h r e e  d i f f e r e n t  
e x p e r i m e n t a l  c o n d i t i o n s .  The u l t r a v i o l e t  d o se  n e c e s s a r y  t o  k i l l  99^  
o f  a  c e l l  s u s p e n s io n  i n  an  a e r o s o l i z e d  s t a t e ,  on a  n u t r i e n t  a g a r
60
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s u r f a c e ,  and  a  t h i n  f i l m  o f  l i q u i d  s u s p e n s io n ,  was 2 0 0 , 1 ,0 0 0  and 2 ,7 5 0  
ergs/mm.^, r e s p e c t i v e l y .
I t  i s  i m p r a c t i c a l  t o  compare r e s u l t s  o f  i n a c t i v a t i o n  e x o e r im e n ts  
u n l e s s  t h e  e x p e r im e n ta l  m ethods a r e  p e r fo rm e d  i d e n t i c a l l y .  Much o f  
t h e  e a r l i e r  work was done b y  i r r a d i a t i n g  c e l l s  s p r e a d  upon an  a g a r  
s u r f a c e .  More r e c e n t  work h a s  b e en  done w i th  a e r o s o l i z e d  o r  l i q u i d  
s u s p e n s i o n s .  The sh a p e  a n d  s l o p e  o f  t h e  s u r v i v a l  cu rv e  a r e  m a rk e d ly  
i n f l u e n c e d  b y  d i f f e r e n t  e x p e r im e n ta l  c o n d i t i o n s .  C o n d i t io n s  su c h  a s  
t e m p e r a t u r e ,  pH, s t a g e  o f  g ro w th ,  s e n s i t i v i t y  o f  v e g e t a t i v e  c e l l s  and 
s p o r e s ,  m o i s tu r e  c o n t e n t ,  e n z y m a t ic  c o n s t i t u t i o n ,  g e n e t i c  c o n s t i t u t i o n ,  
e t c . ,  a l l  i n f l u e n c e  t h e  u l t r a v i o l e t  d o se  r e q u i r e d  f o r  i n a c t i v a t i o n .
A c o m p a r iso n  o f  t h e  s e n s i t i v i t y  o f  t h e  f o u r  d i f f e r e n t  s t r a i n s  
o f  S .  s o n n e i  can  be  made. S u r v i v a l  c u rv e s  o b ta in e d  w i th  t h e  f o u r  
s t r a i n s  showed e x p o n e n t i a l  k i l l i n g  up t o  ^^% i n a c t i v a t i o n .  The 
GDC-5044-59 s t r a i n  showed a l a g  i n  t h e  u l t r a v i o l e t  i n a c t i v a t i o n  d u r in g  
t h e  f i r s t  10 se c o n d s  o f  i r r a d i a t i o n .  Two t im e s  t h e  u l t r a v i o l e t  d o se  
n e c e s s a r y  t o  i n a c t i v a t e  99% o f  t h e  "Form al"  s t r a i n  was n e c e s s a r y  t o  
i n a c t i v a t e  99% o f  th e  CDC-5044-59 s t r a i n .  W itk in  (1947) o b s e rv e d  an  
e x p o n e n t i a l  s u r v i v a l  c u rv e  w i th  E . c o l i  B and a s ig m o id a l  s u r v i v a l  
c u rv e  w i t h  E. c o l i  B / r .  F u r th e r m o r e ,  t h r e e  t im e s  t h e  u l t r a v i o l e t  
d o se  was r e q u i r e d  t o  i n a c t i v a t e  99% o f  t h e  E. c o l i  B / r  p o p u l a t i o n  
a s  com pared t o  a  s i m i l a r  E. c o l i  B p o p u l a t i o n .  W itk in  i n f e r r e d  from  
t h e s e  r e s u l t s  t h a t  w i t h i n  t h e  fram ew ork  o f  t h e  t a r g e t  t h e o r y ,  t h e  
m u ta n t  E. c o l i  B / r  r e q u i r e d  m u l t i p l e  h i t s  t o  c au se  l e t h a l i t y  and  
t h a t  E. c o l i  B r e q u i r e d  o n l y  a  s i n g l e  h i t .
I t  may be p o s s i b l e  t o  e x p l a i n  t h e  d i f f e r e n c e s  i n  t h e  s e n s i t i v i t y
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o f  t h e  4  s t r a i n s  o f  S .  s o n n e i  a s s a y e d  t o  be  a  d i f f e r e n c e  i n  g e n e t i c  
make up  o f  t h e  s t r a i n s .  No e x p e r i m e n t a l  p r o o f  o f  t h i s  i s  s e t  f o r t h  
o r  i n f e r r e d .
The u l t r a v i o l e t  d o se  r e q u i r e d  t o  i n a c t i v a t e  99^  o f  a  p o p u l a t i o n  
o f  9 . 5  3C 10^  c e l l s / m l  was a p p r o x im a te ly  tw i c e  t h a t  n e c e s s a r y  to  
i n a c t i v a t e  2 , 1  x  lo"^ c e l l s / m l .  The u l t r a v i o l e t  do se  n e c e s s a r y  f o r  
i n a c t i v a t i o n  o f  t h e  c e l l s  was n o t  p r o p o r t i o n a l  t o  t h e  number o f  c e l l s  
p r e s e n t  i n  t h e  s u s p e n s i o n s .  T h is  o b s e r v a t i o n  m ig h t  be e x p la in e d  i n  
s e v e r a l  w ays. T h e re  may have b e en  c lum ping  o f  some o f  th e  c e l l s  i n  
t h e  s u s p e n s io n .  Some o f  t h e  c e l l s  w i t h i n  t h e  "c lum ps" r e t a i n e d  t h e i r  
v i a b i l i t y  an d  w ere  p r o t e c t e d  by  o u t e r  c e l l s  a b s o rb in g  t h e  u l t r a v i o l e t  
e n e r g y ,  A se c o n d  e x p l a n a t i o n  m ig h t  c o n c e rn  t h e  d e p th  o f  p e n e t r a t i o n  
o f  u l t r a v i o l e t  i r r a d i a t i o n .  A lth o u g h  90% a b s o r p t i o n  o f  t h e  g e r m i c i d a l  
e n e r g y  may r e q u i r e  10 f e e t  d i s t i l l e d  w a t e r ,  o n l y  a  few th o u s a n d s  o f  
a n  i n c h  o f  m i lk  o r  serum  have t h e  same c a p a c i t y .  (G e n e ra l  E l e c t r i c  
T e c h n ic a l  P u b l i c a t i o n ,  LS-179> May, I9 6 0 ,  p .  1 2 } ,  I t  i s  c o n c e iv a b le  
t h a t  c e l l s  a d h e r in g  t o  t h e  b o tto m  o f  t h e  p e t r i  d i s h e s  u n d e r  a 0 .5  mm 
d e p th  o f  p h o s p h a te  b u f f e r  and b a c t e r i a l  c e l l s  may n o t  r e c e i v e  s u f f i c i e n t  
g e r m i c i d a l  e n e r g y  t o  p r e v e n t  c e l l u l a r  d i v i s i o n  o r  c o lo n y  f o r m a t io n .
S in c e  W itk in*  s e x p e r im e n t ,  many e f f e c t s  have  been  fo und  t h a t  w i l l  
chang e  t h e  form  o f  t h e  i n a c t i v a t i o n  c u rv e  o f  E. c o l i  B t o  a p p ro x im a te  
t h e  c u rv e  o f  s t r a i n  B / r .  R o b e r ts  and  A ldous (194 9 )  showed su c h  a 
change  by  p l a t i n g  t h e  b a c t e r i a  on s y n t h e t i c  m ed ia  i n s t e a d  o f  on c o m p le te  
m e d ia .  A nderson  (1951) fo u n d  su ch  a  change a f t e r  p h o t o r e a c t i v a t i o n  
o f  s t r a i n  B. Harm and S t e i n  (195 2 )  showed t h i s  change by i n c u b a t i n g  
t h e  p l a t e s  a t  45 C a f t e r  i r r a d i a t i o n .  W eatherwax (195 6 )  o b t a i n e d  su c h
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a  ch an g e  b y  p l a t i n g  s t r a i n  B a t  pH 5 -0  i n s t e a d  o f  pH 8 .0 .
I n  a l l ,  15 c h e m ic a ls  w ere  t e s t e d  f o r  t h e i r  a b i l i t y  to  p r o t e c t  
S ,  s o n n e i  c e l l s  a g a i n s t  t h e  l e t h a l  a c t i o n  o f  u l t r a v i o l e t  l i g h t .  Our 
c h o ic e  o f  t h e  v a r i o u s  c h e m ic a ls  was i n f l u e n c e d  i n  p a r t  by r e p o r t s  i n  
t h e  l i t e r a t u r e  a s  t o  t h e  e f f e c t i v e n e s s  o f  t h e s e  a g e n t s  i n  p r o t e c t i n g  
o t h e r  o rg a n is m s  a g a i n s t  i o n i z i n g  and n o n io n iz in g  r a d i a t i o n s .
The f i r s t  g ro u p  o f  a g e n t s  t e s t e d  f o r  p r o t e c t i v e  a c t i o n  in c lu d e d  
n u c l e o t i d e s ,  a  n u c l e o s i d e ,  a  p y r im id in e  b a s e  and  a p u r i n e  b a s e .  The 
n u c l e o t i d e s ,  a d e n y l i c  a c i d  and  g u a n y l i c  a c i d  c o n t a i n  a p u r in e  b a s e ,  
r i b o s e  and  p h o s p h o r i c  a c i d .  U r i d y l i c  a c i d  c o n t a i n s  a  p y r im id in e  
b a s e  ( u r a c i l ) ,  r i b o s e ,  and  p h o s p h o r i c  a c i d .  The n u c l e o s i d e ,  u r i d i n e ,  
c o n t a i n s  a  p y r im id in e  b a se  ( u r a c i l )  and  r i b o s e .  U r a c i l  and a d e n in e  
c o n t a i n  o n l y  t h e  p y r i m i d i n e  and p u r i n e  b a s e  r e s p e c t i v e l y .
R e f e r r i n g  b a ck  t o  T a b le  IV i t  i s  i n t e r e s t i n g  t o  n o te  t h a t  t h e  
n u c l e o t i d e s ,  t h e  n u c l e o s i d e  and  t h e  p u r i n e  b a s e  gave a ty p e  o f  p r o t e c ­
t i o n  w h ic h  was s i m i l a r  i n  m ag n itu d e  and  i n c r e a s e d  a s  t h e i r  c o n c e n t r a t i o n s  
i n c r e a s e d .  But t h e  p y r im id in e  b a s e ,  u r a c i l ,  d id  n o t  fo l lo w  t h i s  
p a t t e r n .  S in s h e im e r  and  H a s t i n g s  (1950) h ave  fo u n d  t h a t  i r r a d i a t i o n  
w i t h  u l t r a v i o l e t  l i g h t  f o r  15 h o u r s  a t  a  pH o f  7 .0  c au se d  a  63^  l o s s  
i n  t h e  maximum a b s o r p t i o n  o f  u r a c i l .
P r o t e c t i o n  o f  S . s o n n e i  c e l l s  w i t h  n u c l e i c  a c i d  d e r i v a t i v e s  
a p p e a r s  t o  be due t o  p h y s i c a l  a b s o r p t i o n  o f  t h e  g e r m i c i d a l  e n e rg y  by 
t h e  n u c l e i c  a c id  d e r i v a t i v e s .  The u l t r a v i o l e t  a b s o r p t i o n  sp e c tru m  
o f  n u c l e i c  a c i d s  an d  p o l y n u c l e o t i d e s  i s  c h a r a c t e r i z e d  by a s t r o n g  
a b s o r p t i o n  maximum a t  a b o u t  2 ,6 0 0  X, a  minimum a t  a b o u t  2 ,3 0 0  X, and  
c o n t i n u o u s l y  r i s i n g  "end"  a b s o r p t i o n  a t  below  2 ,3 0 0  % (L oofbourow ,
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1940; S c h le n k ,  1 9 4 9 ) .  A p p a r e n t ly ,  t h e  m o le c u le s  o f  t h e s e  compounds 
c o a t  t h e  c e l l s  and  a b s o r b  t h e  e n e rg y .  As t h e i r  c o n c e n t r a t i o n  i n c r e a s e s ,  
t h e i r  e f f i c i e n c y  a s  p r o t e c t i n g  a g e n t s  i n c r e a s e d ,  b u t  c o m p le te  p r o t e c t i o n  
c o u ld  n o t  be p ro d u c e d  w i t h  t h e  c o n c e n t r a t i o n s  u s e d .
The se c o n d  g rou p  o f  compounds, th e  s u l f h y d r y l  compounds, d i d  n o t  
show p r o t e c t i o n  o f  S . s o n n e i  c e l l s .  C y s t e in e  h y d r o c h l o r i d e ,  sodium  
t h i o g l y c o l l a t e  and  g l u t a t h i o n e  a l l  c o n t a i n  t h e  s u l f h y d r y l  r a d i c a l  
( —SH) an d  a r e  good r e d u c in g  a g e n t s .  I f  t o x i c  o x i d a t i o n  p r o d u c t s  
w ere  fo rm ed  i n  t h e  s u s p e n s io n s ,  a  r e d u c in g  a g e n t  sh o u ld  n e u t r a l i z e  
t h e s e  p r o d u c t s .  I t  s h o u ld  be s t a t e d  a g a i n  t h a t  t h o s e  compounds 
w ere  i n  c o n t a c t  w i t h  t h e  c e l l s  d u r i n g  t h e  i r r a d i a t i o n  p r o c e d u re s  
a n d  t h e n  d i l u t e d  o u t  i n  t h e  p l a t i n g  p r o c e d u r e s .  The t im e  i n t e r v a l  
f o r  t h e s e  m a n i p u l a t i o n s  d i d  n o t  e x ce ed  20 m in u te s .  I t  i s  p o s s i b l e  
t h a t  t h e s e  r e d u c in g  m o le c u le s  w ere  no t a b s o r b e d  o n to  t h e  c e l l s  w here  
t o x i c  f r e e  r a d i c a l s  and o r g a n i c  p e r o x i d e s  w ould  be m ost e f f e c t i v e ,  
d a g g e r  and  S t a p l e t o n  (1957) s t a t e  t h a t  t h e  k i l l i n g  a c t i o n  i s  enhanced  
i n  t h e  p r e s e n c e  o f  oxygen  f o r  S - r a y s ,  b u t  n o t  f o r  u l t r a v i o l e t  r a y s .  
E r r e r a ,  (1 9 5 3 )  p o s t u l a t e d  t h a t  u l t r a v i o l e t  l i g h t  p ro d u ce s  t o x i c  f r e e  
r a d i c a l s  a n d  o r g a n i c  p e r o x i d e s  i n s i d e  t h e  c e l l s .  H o l l a e n d e r  and 
S t a p l e t o n  (1953) fo und  t h a t  s u l f h y d r y l  compounds, i . e . ,  c y s t e i n e ,  
m e r c a p t o s u c c i n a t e ,  2 , 3 - d im e r c a p to p r o p a n o l  (BAL), and  2 - ( 2 - m e r c a p to -  
e t h o x y ) - e t h a n o l  p r o t e c t e d  c e l l s  a g a i n s t  X - r a y s ,  No p r e i n c u b a t i o n  
p e r i o d  a t  37 C was r e q u i r e d  f o r  maximum p r o t e c t i o n  w i th  t h e  s u l f ­
h y d r y l  compounds. They o b s e rv e d  s u r v i v a l  r a t i o s  up t o  500 t im e s  th o s e  
o f  t h e  c o n t r o l s  o f  E. c o l i  B / r .
A s i n g l e  m o le c u le  o f  c a t a l a s e  c an  c a t a l y z e  t h e  d e g r a d a t i o n  o f
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more t h a n  5 ,0 0 0 ,0 0 0  m o le c u le s  o f  h jrdrogen  p e r o x id e  p e r  m in u te  ( P f e i f f e r ,  
1 9 5 5 )•  I f  t o x i c  o x i d a t i o n  p r o d u c t s  a r e  a  f a c t o r  i n  u l t r a v i o l e t  i r r a d i a ­
t i o n  i n a c t i v a t i o n  o f  p h o s p h a te  b u f f e r  c e l l  s u s p e n s io n s  o f  S . s o n n e i , 
c a t a l a s e  i n  c o n c e n t r a t i o n s  o f  1 0 ,1 0 0  and 1000 mcg/ml d i d  n o t  o r o t e c t  
a g a i n s t  t h e s e  t o x i c  p r o d u c t s .  C o n c e iv a b ly ,  t h e  c a t a l a s e  m o le c u le s  
may n o t  h a v e  been  a d s o rb e d  o n to  t h e  c e l l  b e f o r e  b e in g  d i l u t e d  to  a  
c o n c e n t r a t i o n  a t  w h ich  t h e y  w ere  i n e f f e c t i v e ,
A d e n o s i n e t r i p h o s p h a t e ,  coenzyme I  and n i c o t i n i c  a c i d  p ro d u c e  
a  maximum a b s o r p t i o n  s p e c t r a  a t  a p p ro x im a te ly  2 ,5 8 0  The d e g re e  
o f  p r o t e c t i o n  a f f o r d e d  by t h e s e  compounds a p p ro a c h e d  t h a t  o f  t h e  
n u c l e i c  a c i d  d e r i v a t i v e s .  The m echanism  o f  p r o t e c t i o n  i s  p r o b a b ly  
one o f  p h y s i c a l  a b s o r p t i o n  o f  t h e  u l t r a v i o l e t  e n e rg y ,  s in c e  t h i s  
compound i s  a  n u c l e o t i d e .
A s c o rb ic  a c i d  i n  n e u t r a l  s o l u t i o n  h a s  a  s t r o n g  a b s o r p t i o n  band 
a t  2 ,6 5 0  A, w hich  s h i f t s  t o  2 ,4 5 0  % i n  a c i d  s o l u t i o n s  (M o rto n , 1 9 4 2 ) ,
As s e e n  i n  T a b le  IV , a s c o r b i c  a c i d  d i d  n o t  p r o t e c t  a g a i n s t  u l t r a v i o l e t  
i r r a d i a t i o n .  T h is  compound a p p a r e n t l y  d o e s  n o t  a b s o r b  t h e  g e r m i c i d a l  
w aves o f  low  p r e s s u r e  u l t r a v i o l e t  s o u r c e s .  P e n i c i l l i n  G showed s l i g h t  
p r o t e c t i o n  a g a i n s t  60 se c o n d s  o f  u l t r a v i o l e t  i r r a d i a t i o n  i n  a  con cen ­
t r a t i o n  o f  100 m cg /m l. P e n i c i l l i n  G ( b e n z y l p e n i c i l l i n ) h a s  t h e  
s t r u c t u r a l  fo rm u la  C^H^CH2C0NH(CyH^ONS) COOH. The sodium  s a l t  o f  
p e n i c i l l i n  G i s  more s t a b l e  i n  aq u eo u s  s o l u t i o n .  I t  i s  d o u b t f u l  t h a t  
t h i s  p r o t e c t i o n  i s  due t o  a b s o r p t i o n  o f  t h e  u l t r a v i o l e t  e n e rg y  by t h e  
p e n i c i l l i n  m o le c u le s .
The work o f  H einm ets  and  T a y lo r  (1 9 5 1 )  showed t h a t  i n  t h e  p r e s ­
e n c e  o f  oxygen , u l t r a v i o l e t  damage t o  f r o z e n  c e l l s  i s  e s s e n t i a l l y  t h e
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
66
same a s  t h a t  f o r  c e l l s  i n  t h e  l i q u i d  s t a t e .  I r r a d i a t i o n  o f  c e l l s  
B) i n  t h e  a b s e n c e  o f  oxygen  ( n i t r o g e n  a tm o sp h e re )  showed 
3 0 ^  o f  t h e  i n a c t i v a t i o n  e f f e c t  r e q u i r e d  t h e  p r e s e n c e  o f  oxygen .
3-nd S t a p l e t o n  (19 57 )  s t a t e d  t h a t  t h e  o t h e r  10% o f  t h e  e f f e c t  i s  
due  t o  o t h e r  m ech an ism s. They a l s o  s t a t e d  t h a t  90% o f  th e  u l t r a v i o l e t  
damage c an  b e  r e v e r s e d  o r  p r e v e n t e d .  P u l e s t o n  e t  a i ,  (1957) showed 
t h a t  u l t r a v i o l e t - i r r a d i a t e d  S , f a e c a l i s  R c o u ld  u t i l i z e  p y r im id in e s  
f o r  g ro w th .  C e l l  s u s p e n s io n s  o f  t h e  s t r e p t o c o c c u s  w ere  i r r a d i a t e d  
f o r  30  m in u te s  a t  a  d i s t a n c e  o f  20  cm. A l i q u o t s  o f  t h e s e  c e l l s  ( i n  
b a s a l  medium c o n t a i n i n g  c o n c e n t r a t i o n s  o f  p y r i m i d i n e s  v a r y in g  fro m  
0 t o  333 m ic ro g ra m s /m l)  w ere  i n c u b a t e d  a t  30  0 f o r  16 h o u r s .  They 
showed t u r b i m e t r i c a l l y  t h a t  g row th  o f  t h e  s u s p e n s io n s  c o n t a i n i n g  
333 m cg/m l o f  t h e  p y r i m i d i n e s  e q u a l l e d  u n i r r a d i a t e d  c o n t r o l s .  I t  
w ou ld  h av e  b e en  i n t e r e s t i n g  i f  t h e y  com pared t h e  " c o lo n y - fo r m in g -  
a b i l i t y "  o f  t h e  c o n t r o l  s u s p e n s io n s  and  t h e  i r r a d i a t e d - p y r i m i d i n e  
s u s p e n s i o n s .
I n  t h e  r e a c t i v a t i o n  s t u d i e s  t h e  maximum r e a c t i v a t i o n  p ro d u c e d  
by  a n y  compound was o n l y  a  two lo g  number i n c r e a s e  (100 f o l d )  o f  c e l l s  
o v e r  t h e  b u f f e r  c o n t r o l .  U n i r r a d i a t e d  c e l l  s u s p e n s io n s  p ro d u ce d  an  
i n c r e a s e  o f  f i v e  l o g  number o f  c e l l s  com pared t o  t h e  b u f f e r  c o n t r o l s *  
The n u c l e i c  a c i d  d e r i v a t i v e s  showed a  s i m i l a r  d e g re e  o f  r e a c t i v a ­
t i o n .  But t h e  s u l f h y d r y l  compounds v a r i e d  i n  t h e i r  a c t i v i t y .  G lu ta ­
t h i o n e  and  sodium  t h i o g l y c o l l a t e  w ere  a b l e  t o  r e p a i r  some u l t r a v i o l e t  
dam age. I t  i s  n o t  c o n c e iv a b le  t h a t  an y  u n i n j u r e d  c e l l s  w ould  be a b l e  
t o  u s e  t h e s e  compounds f o r  g ro w th .  The m echanism  o f  r e a c t i v a t i o n  o f  
t h e s e  compounds i s  p r o b a b ly  t h e  n e u t r a l i z a t i o n  o f  t o x i c  o x i d a t i v e
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p r o d u c t s  w i t h i n  t h e  c e l l s  b e f o r e  i n j u r y  c o u ld  t a k e  p l a c e .  These 
s u s p e n s io n s  w ere  i n c u b a t e d  a t  37 G f o r  24 h o u r s .  M o le cu le s  o f  t h e  
compounds s h o u ld  have  b een  a d s o rb e d  o n to  t h e  c e l l s  u n d e r  t h e s e  
c o n d i t i o n s .
I t  a p p e a r e d  t h a t  c y s t e i n e  h y d r o c h l o r i d e  became t o x i c  o r  i n h i b i ­
t o r y  t o  t h e  c e l l s  a f t e r  i r r a d i a t i o n  i n j u r y .  Sodium t h i o g l y c o l l a t e  
showed some i n h i b i t i o n  o f  t h e  c o n t r o l .  But t h i s  i n h i b i t i o n  was n o t  
p r o d u c e d  i n  t h e  i r r a d i a t e d  c e l l s .  I n  f a c t ,  sodium  t h i o g l y c o l l a t e  
p ro d u c e d  a  " r e s t o r a t i o n "  t o  i r r a d i a t i o n  i n j u r y a l t h o u g h  somewhat 
i n h i b i t o r y  i n  t h e  b u f f e r  c o n t r o l .
A s c o rb ic  a c i d  and  n i a c i n  i n  th e  c o n c e n t r a t i o n s  u se d  d i d  n o t  have  
a n y  " r e s t o r a t i o n "  e f f e c t .  T hese  two compounds a l s o  showed i n h i b i t i o n  
i n  u n i r r a d i a t e d  c o n t r o l s .  The i n a b i l i t y  o f  t h e s e  compounds t o  r e s t o r e  
v i a b i l i t y  d i f f e r s  from  t h a t  o f  c y s t e i n e  h y d r o c h l o r i d e .  A s c o rb ic  a c i d  
and  n i a c i n  w ere  t o x i c  i n  t h e  c o n t r o l s  and t h i s  t o x i c i t y  a p p a r e n t l y  
c a r r i e d  o v e r  d u r in g  t h e  i n c u b a t i o n  p e r i o d .
Coenzyme I  an d  p e n i c i l l i n  G d i d  n o t  show a n y  r e s t o r a t i o n  e f f e c t .  
C a t a l a s e  and a d e n o s i n e t r i p h o s p h a t e  p r o b a b l y  r e p r e s e n t  t h e  two d i f f e r e n t  
t y p e s  o f  r e a c t i v a t i o n .  The c a t a l a s e  may h av e  n e u t r a l i z e d  t h e  t o x i c  
i n t r a c e l l u l a r  o r  e x t r a c e l l u l a r  o x i d a t i v e  p r o d u c t s  p ro d u ce d  by  u l t r a ­
v i o l e t  i r r a d i a t i o n ,  w h e r e a s ,  a d e n o s i n e t r i p h o s p h a t e  may have  p r o v id e d  
t h e  h i g h - e n e r g y  bonds n e c e s s a r y  t o  r e p a i r  c e l l u l a r  d e p o ly m e r i z a t io n  
and  o t h e r  i n j u r y .
I n f o m a t i o n  from  t h e s e  p r e l i m i n a r y  e x p e r im e n ts  w ould  s u g g e s t  t h a t  
i f  t h e r e  a r e  two t y p e s  o f  r e a c t i v a t i o n ,  i . e . ,  one i n  w hich  t o x i c  
o x i d a t i o n  p r o d u c t s  a r e  n e u t r a l i z e d  and one  i n  w hich t h e  e n e rg y  s o u r c e
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i s  p r o v i d e d  t o  r e p a i r  i n j u r y ,  t h a n  t h e r e  s h o u ld  be  a p p ro x im a te ly  tw ic e  
t h e  r e a c t i v a t i o n  when c a t a l a s e  and a d e n o s i n e t r i p h o s p h a t e  a r e  b o th  
a d d e d .  H einm ets  _et (1 9 5 2 , 1954 , 1955) have  shown t h a t  t h e r e  i s  
c o n s i d e r a b l e  r e a c t i v a t i o n  o f  E. c o l i  B / r  when v a r i o u s  c o m b in a t io n s  o f  
t h e  t r i c a r b o x y l i c  a c i d  c y c le  i n t e r m e d i a t e s ,  coenzym es, and enzyme 
p r e c u r s o r s  w ere  added  t o  u l t r a v i o l e t - i r r a d i a t e d  c e l l s  i n  b u f f e r .
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SUMMARY
1 . The " k i l l i n g "  a c t i o n  o f  u l t r a v i o l e t  l i g h t  on 4 s t r a i n s  o f  S h i g e l l a  
s o n n e i  was s t u d i e d .
2 .  M ethods and p r o c e d u r e s  f o r  p r o t e c t i o n  and r e a c t i v a t i o n  a s s a y s  
a r e  d i s c u s s e d ,
3* N u c l e o t i d e s ,  a  n u c l e o s i d e ,  a  p y r im id in e  b a s e ,  a  p u r in e  b a s e ,
s e v e r a l  s u l f h y d r y l  compounds, a  v i t a m i n ,  a  g row th  f a c t o r ,  s e v e r a l  
coenzym es, an  enzyme and an  a n t i b i o t i c  w ere  a s s a y e d  f o r  t h e i r  
a b i l i t y  t o  p r o t e c t  S h i g e l l a  s o n n e i  a g a i n s t  t h e  l e t h a l  e f f e c t s  o f  
u l t r a v i o l e t  i r r a d i a t i o n  (2 ,5 3 7  .
4* T hese  compounds w ere  a l s o  a s s a y e d  f o r  t h e i r  a b i l i t y  t o  r e s t o r e  
t h e  v i a b i l i t y  o f  u l t r a v i o l e t - i n a c t i v a t e d  S h i g e l l a  s o n n e i .
5 . A t te m p ts  t o  i s o l a t e  a  m u ta n t  o f  S h i g e l l a  s o n n e i  w h ich  was more 
r e s i s t a n t  t o  u l t r a v i o l e t  l i g h t  met w i th  f a i l u r e ,
6 ,  The s i g n i f i c a n c e  o f  t h e  f i n d i n g s  i s  d i s c u s s e d .
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